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H 3 cS:H 3 



b ) 



?3 



R 3 Y^vyR3 

-rT^o^r 2 



( a ) 



^ (57) Abstract: Novel $ -latcam compounds represented by the following general formula (I) or pharmaccutically acceptable salts 
^2 thereof which are useful as serum cholesterol-lowering agents: (I) wherein A,, A 3 and A« represent each hydrogen, halogeno, C1.5 

alkyl, C^ alkoxy, -COORi, a group represented by the following general formula (b): (b) (wherein R, represents hydrogen or C,. 5 
O alkyl ) ( or a group represented by the following general formula (a): (a) [wherein R 2 represents -CH : OH, -CH : OC(0)-R, or -CO : -R, ; 

R ? represents -OH or -OC(0)-Ri; R4 represents HCH 2 ) k R5(CH 2 )p (wherein k and 1 are each 0 or an integer of 1 or above provided 
© that k+1 is an integer not more than 10; and R 5 represents a single bond, -CH=CH-, -OCH r , 



WO 02/066464 Al 



carbonvi or -CH(OH)-): provided that at least one of A,, A, and A, is a group represented by the above formula (a); A : represent 
C,.> alkyl, C.5 alkoxy, C,. 5 alkenyl, C,.« hydroxyalkyl or C... carbonylalkyl: and n, p. q and r are each an integer ol 0. 1 or - 

(57) gift: 

TiB-«sa; (i) T-7f*£ mmmto/s ~ * ? * A<b-&«3-Cfe « . & 




(1) 



dr;W£s C i-C lOT^a df-^Ss -COOR., (b): 

— 0^/ CO » R ' (b) 

HjCT^CHj 

■emTSx Xtt&zS ( a) : 

R3 rV R3 (a) 

CsS + , R,l±-CH:OH^ - CH>OC (0) -R^SXfct-CO 
,-R,£. Ratt-OHaSXtt- 0 C (0) -R.2, R.tt- (CH 
,U,(CH:)r (§U kt U4 0Xttltt±«)»tt-C*5- k + 
1 tt 1 0 »TOfi8t'»5.K £fcRsl±££££L* -C 
H = C H - s -OCH»-> CH (OH)-Tft 

*o t^ri-cfeDs a.^ a.sifa.o^ n*» 1 oi*&r±ss ( 
Aitt. c i- c *cdt;i/*;hm. c .~ c s©7;v=> s-S'tfL c.-c 

• ©7** = ;HIU d-C.Ot Hn*->7^*;HRXttCi-Ci© 
* ; u * - ;v 7 ;b * ; u & f 3> » 

n^p. q&Vrtt(K 1 Xtt 2 ©S!&£ St.] 
ft *fc£«Xtt*©*3 t flCtfSl'» 
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in in run 



2X? = -KSWte©BSSl!C-3L^TlS. 



WO 02/066464 PCT/JP02/0148. 

m m m 



*mw&s mm/3 ? * 2>fc&®Rv*<ow&xm, &mzmt 

&y>lZ£%T5Mffizi l/^xD-;H£T^J{c§|ir^o 
fISf 

£ h#*n otitis D s?1^05ES©±^^^to?)^^Bi:0 
»5St£ $$BS£ftT^£> (^Jia, Lipid Research Clinics Progra 
m.,J. Am. Med. Assoc. , 1984, 251, 351SV365) 0 5£*£s HMG-CoAiix;^^ 

HMG-CoAJB7C»«IS§^J{±§ai*«tJfllfi3 Ufo-MT 

(0!l£tfx Mevacor in Physician's Desk Reference, 49th ED, Medi 
cal Economics Date Production Company, 1995, 1584) 0 Z\(Dtz$>s 

-&tl#$B££*iT^S (0j*.B! N M.A.Farboodniay Jahromi et al., 
J. Nat. Prod., 1993,56, 989., K. R.Price, The Chemistry and Biologi 
cal Significance of Saponons in Foods and Feeding Stuffs. CRC 
Critical Reviews in Food Science and Nutrition, CRC Press, 1987, 
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26,27) 0 ztio vm'mfclt. b * x o <* 

c J: i: <t !3 s Jfli7»3 l/7rn-i^l£Tc^o £: *f ifliJ £ ft T 
xi^P. A. McCarthy et al. , J. Med. Chem. , 1996,39, 1935) e tfc> JHlrf 
□ ^rD-J^fiTet5iS - 7 £ £ A-fb^fe^ tit M 5 ( 

0S*.teU S.B.Rosenblum et al. , J. Med. Chem. ,1998,41,973, B.Ram et 
al., Indian J. Chem., 1990, 29B, 1134. ^ ;b ^ ttUSP498, 3597) D 
Ztlb (00 - ? Z $ Aik&Wllt, Iiul/7f D-;KR 

ft&n l/*xn— ;nRjfcffl*fisjg o /? - =7 5 $ Afb-£M> iff- 

«t D <Mlfc:#a&£ CCD/? - 7 * * Mb-&^-0->;b >7U>W. 

£G&^1"<5 (^Jx.(Sn M.van Heek et al. , Brit. J.Pharmacol. ,2000,1 
29, 1748, J. Pharmacol. Exp. Ther., 1997, 283, 157) c 

luiU©>5 - 5 * * V n tiZZ t £ ck t) 

'.Ml £ ^ T n l/^5^D— ;HRJRRi»f^ffl*5%rc hfr£>. |S| 
-^?rtCs /?-7**A«h^<ofr©!ji£:£ -0- tt'fc 
ft£&®=i b*xD-;i/ffiT#E*tt££*lT^S ( 09 x. «W.D. Vacc 
aro et al., Bioorg. Med. Chem. Lett. , 1998,8, 313) 0 Lfrls 

Sfc: -0- ^ y n t &&lfijiafrftm$ fix * 'Mt©^ b *x n- 



WO02/066464 PC T/JP02/0148. 

£ 0 z co z tits fls£«ii> s '.M»T:«&JK£*ia z tiz J: & 1J ft £ £ IS 
fS RJilte#S^fc#K /J*JITffii|5E£ixl\ 'J^±Sl:T3 c 

#fgej&±l3©*tft;:^fc£ftfc&©T^ P-^^rt t 0 - 7* 

XmBMrnZlZ, ±13 Lfc&*&fi5£2§£;LTs /?- v ^ * Albert) 
* ^ U 3 ^r-Hf t j; 5 « . BftX ttttat t J: 5 lm * ^» 

ITtift C ( M x. It R. J. Linhardt et al., Tetra 
hedron, 1998, 54,9913, D.E Levy, The Chemistry of C-Glycosides;E 
lsevier Science;Oxford, 1995. , M.H.D.Postema, C-Glycoside Synth 
esis. CRC Press; Boca Raton, 1995) t L ft J\ 4 ZT U y Yfr^ttZ 

(1) /Mlt^atS^^a^^-b't^sftitSST* 
Sdtfr^ ftl$IB/h»±jfe tg* £ d fc*sqjtfe"Cfe ^ (2) 
±jftfr&©ftiR#i>r*fcfc!K Uf^tfgi^tiS * ©i:%x.fco 

ir&t>*>, *$gBJ& N &5$©-jIS5t (I): 
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(i) 



[5£* N Ais A 3 £IFA4&> fcmm*, ;\u>fy s Ci~C 5 ©t;i/ 
*r)V&, Ci-Cs©7;^^^iv - COORk ftsS (b): 



H 3 C XH 3 
T-^ «x (a) : 



C^ + s E 2 li-CH 2 OHi, -CH2OC (0) -RJXtt-CO 
2 -R.S, Rjli-OHIXIi-OC (0). -Ri*. R 4 K- (CH 
2 )kR 6 (CH 2 )i- ktlttOXI±U±©fift'C*D> k + 

114 1 0^T©S»Tfe5o)> £ fcR s&*§-££at> -C 
H = C H - v -OCH2-. *i^^JHXIi-CH (OH)-tS 
Jo) T'^tST^^ A In A a RVA 4 (D^?titi» 1 ■ott ( fc1"±IB ( 
a) S-C^tS-CfeS. 

a 2 (±s c i~ c 5 cDT;b4;i/fls c !~ c 6 ©r;i/3 * $/flu Ci~c 

5 ©7;^-;i/^s d-CsCDb K d 5- is T Jl Jl ®k 5t l& C 1 ~ C 8 CD 




( a ) 



WO 02/066464 PCT/JPUMI1481 

n, p. qSVrliO, 1 Xis: 2 ©§!8fc&l|-f c] 

$fc*iswtis -j&s (i) T-*£nsfc-£ 
n-;i/f£T^JT-fe^.c its fcasafct. (i) T^^ns-fb* 

ISW ASSIST 5 fc«b©»&©BIB 

##g0J30-SS5$ (I) T?*£ftSftl'&»©jm*«lfc:i ! lFg$ ft£J£ 
-jiKsC (I) ©<b £•%)&*©£ £ "C* a^tt&aoKfflttflJt J; fts 

#x WitfrilA lB^fcN. 01~ 1 0 0 0 mg$l ~8fc0fc#tf- 

fc> -jesc ( i ) ~q7f£ ti'hiti'a'fy} t. & - v z *T-vmgmt<Dffi 

0-?>7#-?-*i pis#j t±x IIt:J:5/?-7^^A§©^^ Pi§ 

w t c * « bj © ft £• tti $ #j ^ r 5 * #g bj fi c n & c ^ ^ n s 
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(1) US*, 3R*)-4-{4-[(2S 3 5 S, 3R, 4R 3 
6 R ) - 3 , 4, 5-MJtF0 j ri'-6 - (tFDJfy^fi'O ^ 

Kn-2H-t7>-2-^i/] 7 x ^ ;u } - i- ( 4 - 7 ;i/ 

U7 - 3- [3 - (4-7J^D7xZJb) 7DfiV] 7 ■*£ 

^>-2-;t> 

(2) (4S*, 3 R*) - 4- (4 - {[ 5 S , 2S, 3 R , 4 R, 
6R) - 3, 4 , 5 - h U b K D * - 6 - (tFn^r^r^) ^ 

Fn-2H-t7>-2-'f;i/] ^^;u} 7 x - ;u) - l - (4 

-7;i/^D7x-;U) -3- [3- (4-7iWD7i-^) 7* □ .£ 

T-b* >- 2 -;*-> 

(3) (3S, 2 R , 4 R , 5 R , 6 R ) - 2 - [( 4 - {( 4 S *, 
3 R * ) -1- (4-7;i/^-D7x-;i/) - 3- [3 - ( 4 - 7 ;i/ * 
D7x~;i/) 7*Df;U] - 2- t^rV7t*f ^>-4-^^} 7x~ 

;v) - 4, 5-y7-fefivt=Sr^-6- (r-te-f-^**^^ 

) 1 h* D - 2 H - £ 7 > - 3 - -f Jl T -tz y - h 

(4) (4Ss 3R*)-4-(4-{[5S, 2R, 3R, 4R, 
6 R ) - 3,4,5-hUtKD^^-6 - (tpD*J/^^)A 
;i/hh'D-2H-t. , 7>-2-'f;H p< f - ;i/ } 7 x - ;i/ ) - 1 - (4 
-7DD7x — - 3- [3 - (4-7;1/tJ-d7x^;u) 7* D £ 

;u] T-fe*^^>- 2 -7f-> 

(5) (4 S* 5 3R*)-4-(4-{[5S, 2R, 3R 3 4R, 
6R) - 3, 4, 5-MJfcKn*$/-6- ( t K D * >> * 
Jl/tFD-2H-t7>-2-^^] / 7 x - - 1 - (4 
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Y ^r'yy --JI) - 3- [3 - (4-7;i/^D7i-;0 7* G t" 

( 6 ) ( 3 S , 2 R , 4R, 5R; 6 R) - 2- [(4 - {( 4 S - , 
3 R * ) -1- (4-^h^^7x-;V) - 3- [3 - (4-7J!/^ 
D 7 x - )V ) 7" D f )l ] — 2 - t^V7t*f^> - 4 — "f ;!/ } 7 x r. 

;i/ ) ^ ^ ;i/ ] - 4, 5-^7-fef-;i/*^'>— 6 - (7*-fe^;b^-^v^ 
;i/ ) ^;vt Kn-2H-f7>-3-^;V7-{rf - h 
( 7 ) ( 4 S*, 3R*)-4-(4-{[5S, 2 R , 3 R , 4 R , 
6R) - 3, 4, 5-hUtKn^e/-6 - ( t h* D*^/^;u) ^ 
JbtFD-2H-t7>-2-^b] 7x-;b) -1- (4 

- ^ ^ ;i/ 7 x - ;i/ ) - 3- [3 - (4-7;b^-D7x^;i/) rot 
;u ] T^^yy - 2 - a- > 

( 8 ) ( 3 S , 2 R , 4 R , 5 R , 6R) - 2- [(4 - {( 4 S *, 
3R*) -1- (4-^^7iijl/) -3- [3- (4-7;U^D 
7 x ~ jb ) 7*D£;i/] - 2- *JrV7-fe'fi;>-4-^^ 7 x n 

jv) - 4 3 5 -^7tf;^4i/-6- (T-fe^;!/^^^^ 

f-JV ) FD-2H-k'7>-3-^;i/7-tf-f 

(9)(4Ss 3 R*) - 4- ( 4 - {( 5 S , 2R, 3R, 4R, 
6 R ) - 3 , 4, 5 - h 'J t KDipi/-6- (h h'o Jf-i/^f ^ 
;i/bKD-2H-^7>-2--f;i/] * ^ ;v } 7 x r. ;i/ ) - 1 - 7 x 
-;u-3 - [3 - (4-7;^d7i-jH 7 d k ;i/ ] 7 -e > - 
2 

( 1 0) ( 3 S , 2 R , 4R, 5R, 6R)-2-[(4-{(4S*, 
3 R * ) - l- 7x~;U-3 - [3 - ( 4 - 7 )V * D 7 x - ;i/ ) 7 P 
- 2 -*^rV7ffi;>- 4 7x-;u) -4, 

7 
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5 - y7*bf Jl/i^y - 6 — ( 7 * =r il # * *s * * )v ) "Wl/ k h* c - 
2H-k7>-3--1'7l/7-e7 1 -> 

( 1 1) (4 S*, 3R*) - 4- (4 - {[(5 S, 2R, 3R, 4 
R , 6 R ) - 3 , 4, 5-h'JfcKn**>-6 - ( k Fc^y/f 
^jvt FD-2H-t'7>-2-^M ^71/} 7x-;i/) - l 

- (4-7J^n7i-iP) - 3- [3 - (7x-;u) 7 n t' 71/ ] 7 

(12) (4S», 3 RO - 4 - ( 4 - {[( 4 S , 5 S , 2 R , 3 
R , 6 R ) - 3 , 4, 5, - FUtFn*J/-6 - (tfo^i'^f 
71/) ^;vth-D-2H-t7>-2--f^] 7 x ) -1 

- (4-7iUn7i-;0.-3 - [2 - (4-7;^D7iM 

(13) ( 3 S , 2R, 4 R, 5R, 6R) - 2- [(4 - {( 4 S*, 
3R*) -1- (4-7Jl/iD7ixji/) -3 - [2- (4-7;i/# 
□ 7i7+>>) Ifjl/] - 2- ^"^rV7-tff : -v>-4-^;i/} 7 x ~ 

;v) - 4, 5-^7 , -fe^;v^-^r^-6 - ( 7* -fef-;i/ 

^71/ ) ^71/ k FD-2H-t*7>-3-^/l/7^f-h 

( 1 4 ) ( 4 S *, 3RO - 4- (4 - {[(42, 5 S , 2R, 3 
R, 6R)-3, 4, 5-HJth-n+^-6 - (t fn^r^^f 
71/ ) ^.71/ 1 FD-2H-t7>-2-^l/] ^ h 7 x -)\,) - 

1- (4~7;i/^-D7x-;i/) - 3- [3 - (4-7JW D7x- 
71/) 7D^] -7-fe*7^v>-2-^> 

( 1 5) (4 S*. 3R*) - 4- (4- {[(4 S, 5 S, 2R, 3 
R, 6R) - 3, 4, 5-b'jkh*n^>-6- ( k F n * i/ * * 
71/) ^71/ k K n - 2 H - y - 2 - 71/] h**>} 7xn;i/) - 
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WO 02/066464 c 

1 - (4-7fl/*D7i-M ~ 3 - [ 2 - (4-7/^D7w ; ? 
) xfjV] T -tf f - v > - 2 - > 

(16) ( 4 S*, 3R*)-4-(4-{[(4S, 5S, 2 R , 3 
R , 6R) - 3, 4, 5-h';tKn*^-6 - (tFD^^f 
;u) ^jPtFD-2H-f7>-2-^H / ^y} 7 x - 1 
-7iiiMfil/-3 - [3- (4-7J^D7izjl) rn^;i/] 
7" -fe* v > - 2 - :* > 

(17) ( 2 S , 3 S , 4 R , 5R, 6R) - 6- [4 - {( 4 S*, 
3R*) -1- (4-7/^D7i-^) - 3- [3 - ( 4 - 7 Jl/ # 
□ 7 x - ;b ) 7*Df;i/] - 2-t^V7f^^>-4-^A} 7i- 

- 3, 4, 5-h'JhFD J f- > >^tb'D-2H-t7> 
-2-#;i/#>^ 

(18) 2 - {4- [( 4 S*, 3R») - 4- {[(5S, 2 R, 3 
R , 4R, 6R)-3, 4, 5-bUtKn3-i/-6- (t Kd^S/ 

^;i/t Kd- 2 H-e-7>- 2 --r;H *5=-;i/} 7 x - 

3 - [3 - (4-7^/TD7i-M -2-t+V7-iff 

(19) 2-{4 - [(4S», 3 R*) - 4 - {[ ( 5 S , 2R, 3 R , 
4R, 6R) - 3, 4 , 5-F'Jth"Diri/-6- (kfo^ri'^ 
;i/) Aji/t h , D-2H-K7>-2--fjH 7 x - ;v - 3 - 

[3 - (4-7;^D7i = il/) 7*Of;U]-2-^-^rV7'-tf^^- 

(20) 2 - { 4 - [( 4 S*, 3R*)-4-{[(5S, 2R, 3 
R , 4R, 6R) - 3, 4, 5 - MJ k K d # - 6 - ( t K D * 

/f-;v) ^;vbh*D-2H-t7>-2-^k] 7 x - ;i, - 
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WO 02/066464 

3 _ [ 3 _ (4-^fJb7xrjb) 7" D k* ;U ] - 2-^^V7tfy 
7x7*'>} -2-^f;i'7'Dt'r>ixfjH^f^ 
(21) 2 - {4 - [( 4 S*, 3R*)-4-{[(5S, 2 R , 3 
R , 4 R , 6 R ) - 3, 4, 5 - h 'J t Pd*J/- 6-. (t Fn.^ 

/ f- ;v ) k h* p - 2 H - £ ^ y - 2 - -f jv ] ^ f - ;y } 7 x -> - 

3 - [3 - 7Db'M - 2 - * * V T -tf v- V 

(2.2) (4S, 3 R) - 3 - [( 3 S) - 3- (4-7^D7i 

- 3- tKo^>>7*Dt:;i/-4 - (4 - {[ ( 2 S , 5 S , 3 R , 
4R, 6R) -3, 4, 5->Ut Kn*5/-6 - ( k h* □ * ^ * 

(23) (4S, 3R) - 3- [( 3 S) - 3- (4-7;^D7i 

- 3- th*D3r'>7D k;i/] - 4 - ( 4 - {[( 2 S , 5 S , 3 
R , 4R, 6R) - 3, 4, 5 - MJ k F P * - 6 - ( k K D 

- 1 -7xzjl/7t"f v^>- 2 - :* > 

(24) (4S, 3R) - 3- [( 3 S) - 3- (4-7i^n7i 
=.)],) - - 4- (4 - {[( 2 S , 5 S , 3 
R,, 4R, 6R) - 3, 4, 5-hUkh*n*i/-6- (k b*n**> 

^^;v) ^tFo-2H-t7>-2-^i'] ^^;v> 7x-;v) 

-1- (4-^Jl'7i-;i') 7ff^>-2-^> 

(25) ( 4 S , 3 R) - 4- ( 4 - {[( 5 S , 2 R 3 R , 4 R, 
6R) - 3, 4, 5-hUkb*D^^>-6 - (kFo^^f^) * 
;vkh*n-2H-k^>-2-^;b] * 7 x-;i/) - l- (4 

10 
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-7 J]/*U 7 =.=.)]/) - 3- [3 - (4-7AtD7i-/0 7" □ '-' 

(26) (4S, 3 R ) - 4 - ( 4 - {[ ( ,2 S , 5 S , 3 R , 4 R , 
6R) - 3, 4 , 5-b'JtFD#^-6- (tFD^>»r^) ^ 
;i/t Fn-2H-t'7>-2-'fM 7 x = ;i/) - l - (4 
-7;i/^-D7x^;u) - 3- [3 - (4-7i^n7i-;i') - 3 - 

- - * 3- V 7* D K 7* -fe* g 1 - y > - 2 - * > 

(27) (4S, 3R)-4-(4-{[(2S, 5 S , 3 R , 4 R , 
6R) - 3,4, 5-h';tKodr^-6 - ( t K D * P< ;U ) ^ 

h" P - 2 H - > - 2 - ^ 7 xr.;i/) - 1 - 7 x 

- 3 - [3 - (4-7)PtD7i-;i/) -3-t^rV7Dt;i/] 

(28) (4S,3R) - 4- ( 4 - {[( 2.S , 5 S , 3R, 4R, 
6R) - 3, 4, 5-MJfcKD3^>-6 - (tFDiri'^;H ^ 
JI/tFD-2H-K7>-2-'f^] 7 x - ;u ) -1- (4 
-^f;i/7i -71/ ) - 3- [3 - (4-7Jl/tD7i-^) - 3 - * 

(29) 4 - [( 4 S , 3R) - 3- [( 3 S ) - 3- (4-7)1* 
D7i-;i/) -3-t h'D^i/7Dt;v] - 4- (4- {[(2S, 5 
S, 3R, 4R, 6 R ) - 3 , 4, 5 - h V t h* D * - 6 - ( t K 
n JpS/* KD-2H-tr>-2-^;u] 7x 

(30) 4-.[(4S,3R)-4-(4-{[(2S, 5 S, 3R, 
4R, 6R) - 3, 4, 5-h'Jt FD*^-6 - (tFD^J/^ 

^ji/t h* n - 2 H - > - 2 - >f ;b] 7x-;i/) -3 

11 
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- [3 - (4 - 7^to7xr;b) -3-^TV7ofjb; - 2 - r 

(31) 4 - [( 4 S , 3R) - 4- (4 - {[(2S, 5 S , 3 R , 
4 R , 6R) - 3, 4, 5-HJt (tFc^y^r 
;t/) ^;i/t h'D-2H-f7>-2-^b] * rJl} 7 - 3 

- [3- (4-7i^D7i-;H 7DtM -2-^^V-7ff^ 

(32) 3- [( 2 E ) - 3 - (4-7jltD7ixjV) - 2 - 7* 
p^.-;i/] ( 4 S , 3 R ) - 4 - ( 4 - {[( 2 S , 5 S , 3 R , 4 R , 
6R) - 3, 4, 5-hVfcKD*$/-6 - ( t K D * )l ) * 
;i/bh*o-2H-tr^>-2--f;i/] ^ 7-M 7 x - — l - ( 4 

-7WD7iZjl/) 7 -g f - -7 > - 2 - > 

(33) (4S, 3R) — 4 — {4 — [( 2 S , 5 S , 3 R, 4 R , 
6 R ) -3,4, 5 - h 0 fc K D * - 6 - ( t h* D * >> * ^ Ji, ) ^ 
Jl/tFD-2H-t7>-2-'fM 7 x n ;i/ } -1- ( 4 - 7 # 

□ 7 x - ;i/ ) - 3- [3 - (4-7;v^-D7x-;i.) 7° p t: ;u D r -tf 

( 3 4) ( 4 S , 3 R) - 4- {4 - [( 2 S , 5 S , 3 R , 4R, 
6R) - 3, 4, 5, - h U t h* D =^> - 6 - (kFD^J/^^) 
t h* d - 2 H - e 5 > - 2 - -r ;v] 7 x - - l - ( 4 - 7 )\ 
it D 7 x r. ;U ) - 3- [3 - (4-7j^D7i-Jl/) 
7* d 7 -fe? ^ 5? > - 2 - * > 

(35) (4S, 3R) - 3- [( 3 S ) - 3- (4-7Wd7i 
-))/) -3-k h*D#i/7nlf;b] - 4- {4 - [ ( 2 S , 5 S , 3 
R, 4R 5 6R) - 3, 4, 5-bytKn**/-6- ( t K u * i/ 
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(36) ( 4 S , 3 R ) - 3- [ ( 3 S ) - 3- (4-7WD7i 
-71/ ) - 3 - h K D * r D ] - 4- {4 - [( 2 S , 5 S , 3 
R , 4R, 6 R ) - 3 , 4, 5 - h U t K o * > - 6 - ( t K □ * i/ 
i)]/ bt>-D-2H-f7>-2-^V] 7irjv} -1- ( 
4-^;i/7irJl/) 7«fe*f-S?>-2-#> 

(3 7) ( 3 R, 4R) - 3- [( 3 S ) - 3- (4-7i^D7i 
- 3- kFn*J/7D £71/] - 4- [( 2 S , 5 S , 3 R , 4 
R, 6R)-3, 4, 5-h'JkFoJr^-6 - (tFDJpi//r 
71/ ) ^tFD-2H-K7>-2-0] - l- 7i^7*?*; 
>- 2 -aJ-> 

(38) (4S, 3R) - 3- [( 3 S ) - 3- (4-7 7U;tD7x 
-71/) - 3- tFD*J/7D^] -1- (4 - {[(2S, 5S, 3 
R, 4 R , 6 R ) - 3 , 4, 5 - h 'J t K P ^ri/ - 6 - (t h'D^i/ 
^ f-71/) ^7V t FD-2H-t'7>-2--f ^ 7 x - 
-4 - (4-7WD7HM 7-£?-i/> - 2 - * > 

(39) ( 4 S , 3R) - 3- C(3S) - 3- (4 - {[( 2 S , 5 
S, 3R, 4 R , 6 R ) - 3 , 4, 5 - h 'J t Fd*-> - 6 - (tF 
u*c>/ pn-2H-K7>-2-^] tf-fr} 7x 
-;V ) - 3 - b K D t^7"d t° 71/ ] - l-7x~;U-4 - (4-771/ 

D 7 x - 71/ ) T-fe*f : -^>-2-^-> 

(40) ( 3 R*, 4 R*) - 4- (4 - {[( 5 S , 2 R , 3 R , 4 
R, 6 R ) - 3 , 4, 5-hiJtFD*S/-6 - (kFD^J/^ 
71/) ^71/ 1 H □ - 2 H - > - 2 - >f 71/ ] ^71/} 7 x - 71/ ) -3 
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- [ 3 - (4-7JUD7x-M 7 d fc ;i/ ] - l - 

(4 1) 3 - ((3 S) - 3 - fc h'D= J ry-3-7irjl/7 , Dh'JlO 
(4 S , .3 R) - 4- ( 4 - {(( 5 S , 3 R , 4R, 6R) - 3 , 4, 
5 - h I) fc h* D * - 6 - ( fc h* p * ^ ^ ;U ) ^;i/fch*D-2H- 
fc -5 > - 2 - -i" ;v ] / 7 x x ;i/ ) - 1 - 7i_;v7t'ry>- 
2 -;r> 

(42) 4 - [3 - ( 3 S ) - 3- (4-7i^D7i-^) - 3 

- t h'D^'>7D fc;U] (4S, 3R) - 4- (4 - {( 2 S , 5 S , 
3R 3 4R, 6 R ) - 3 , 4, 5 - h U h Kp^S/ - 6- ( fc h* n * 
i/^^)Ajl/tFD-2H-t7>-2-^^ ^<^;u} 7 x ^ 

(43) 4 - ( 4 - {( 5 S , 2R, 3R, 4 R , 6R) - 3, 4, 
5-hUfcHD*S/-6 - ( fc 1* D ;i/ ) fc K n - 2 H - 
fc v > - 2 - -f ;v ] 7 x - ;i/ ) ( 4 S , 3R) -1- ( 4 - 
*?-)},7 X. — JV) -3 - [3 - (4-7i^D7iMi/) x f - ;i/ ] 
-T'-fe'f 2 

(44) 3 - ( 3 - 7 xx;i/7*D fc;i/) ( 4 S , 3 R ) - 4 - (4 

- { ( 5 S , 3 R , 4R, 6 R ) - 3 , 4 , 5 - h U fc K D * - 6 

- ( fc K D df- ^ ) t h* D - 2 H - fc 7 > - 2 - -f Jl ] ^ 5=" 

7 x - ;i/ - l - 7 x x;u 7^.^ v > - 2 - * > 

(45) ( 4 S , 3R) - 3- [( 3 S) - 3- (4-7i^D7i 
x;p) - 3- tKDJr^7*D fc;u] - 4 - ( 4 - {[( 2 S , 5 S , 3 
R s 4R, 6R)-3, 4, 5 - MJ t F D^r>>- 6 - (t h*D^«> 
/^Ji/) ^;i/fch*D-2H-fc5>-2--r;i/] x ^ > } 7 x - ;u - 
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(46) (4S, 3R) - 3- [(3S) - 3- (4-7 )V7ru y - 
-Jl) - 3- tKD3r^7-Db";b] - 4- (4 - {[ ( 2 S , 5 S , 3 
R , 4 R , 6 R ) - 3 , 4, 5 - h 'J t h' D^y - 6 - (hh'P^v 

^l/hFD-2H-t7>-2-'f^] 7 x ^ ;b - 

1- (4-7WD7j^) T'-tf^V- 2 -;f> 

(47) ( 4 S , 3R) - 3- [( 3 S ) - 3- (4-7WD7i 
- tVl/] - 4- (4 - {[(2S, 5 S , 3 

R, 4 R , 6R) - 3, 4, 5-MJtKD^y-6- (bb'D^v 
^tHD-2H-t7>-2-^] - 1 - 7*D - 3 
— 7 x - ;y - 1 - (4-7;i/^-D7x-;u) r -fe* ^ v > - 2 - 

(48) (4S, 3R) - 3- [(3S) - 3- (4-7WD7i 
) - 3 - fc K D * > 7* D E ;u ] - 4 - ( 4 - {[( 2 S , 5 S , 3 

R , 4 R , 6R) - 3, 4, 5-MJkFn^y-6- (t KD^y 

1 K □ - 2 H - > - 2 - -f ;u] 7dkM 7 x - ;i/ 
-1- (4-7;i/^-D7x-;u) 7 7 -tf^^>-2-7|-> 

(49) 3 - ( ( 3 .S ) - {4 - [ ( 2 S , 5 S , 3 R , 4R, 6 
R) - 3, 4, 5 - h U t h* d * is - 6 - ( h h* D * i/ * =S- A ) 

fc FD-2H-t7>-2-^ii/] 7 x - ;u } - 3- k Kn#^rn 
f;i/) (4S, 3R) -1, 4-tf7s (4-7;^D7i;il/) r-tf 

(50) (4S, 3R) - 3- [( 3 S ) - 3- (4-7jl/*D7i 
-;i/) — 3 — h F D =r y 7" d e;u] - 4 - ( 4 - {[( 2 S , 5 S , 3 
R , 4R, 6R) - 3, 4, 5-b'Jbh*D=^>-6- (t Ko^py 
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t h* d - 2 H - £ 7 > - 2 - ;i/ ] ^ h * f> 7* □ £ - 
3 - ^ ;b} 7 x - 71/ - 1 - (4-7i^D7i;iH 7- -tf f- v > - 2 

(51)(4S,3R)-3-[(3S)-3-(4 -7WD7 x 
- 71/ ) - 3- th*DJp->7DtjH - 4- (4 - {[(2 S, 5 S , 3 
R , 4 R , 6R) - 3, 4, 5 - MJ t Fo^ri/- 6 - (tFn^y 

^;i/kf'D-2H-t7>-2--f;v] /h^v-2-7*D 
^ > - 3 - 71/ } 7 x = ;i/ - l - (4-7WD7i;;H 7 -tf ^ v 
7-2 -;T> 

(5 2) ( 4 S , 3R) - 3- [( 3 S) - 3- (4-7;^D7i 
- 3- kFD*i/7*D^] - 4 - ( 4 - {[( 2 S , 5 S , 3 
R, 4 R , 6 R ) - 3, 4, 5 - h 'J t h' D ^ % > - 6 - (t F D^ri/ 
* t h*n-2H-b*7>-2-^;i/] -1-7^7-4- 
-T 71/ } 7i-;i/-l - (4-7J^D7i-;b) 7--fe*^v>-2-^- 
7 

(53) ( 4 S , 3R) - 3- [( 3 S ) - 3- (4-7WD7i 
-)V) -3-t FD3r^7Dt'M - 4- (4 - {[(2S, 5 S , 3 
R , 4 R , 6 R ) - 3 , 4 , 5 - h U fc K D * 5/ - 6 - ( t K D * *> 
* ) 1 h* n - 2 H - £ ^ > - 2 - >f )i ] 7"^- ;u} 7izjy- 
1- (4-7A3i-t37x-;i/) y>-2-*> 

(54) ( 4 S , 3R) - 3- [( 3 S) - 3- (4-7WD7i 
-71/) -3-th* □ v 7" □ £71/] - 4- (4 - {[( 2 S , 5 S , 3 
R , 4 R , 6R) - 3, 4, 5-MJtKD**>-6- ( fc K D * $/ 
^ ^ 71/ ) ^kPn-2H-K7>-2-^] -1-^7^7-5 
- 71/ } 7 x - 71/ - 1 - (4-7i^D7i-iH 7 -fe* v > - 2 - 
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(55) ( 4 S , 3 R) - 3- [(3 S) - 3- (4-7;^D7- 
-Jl) - 3 - fc F d * 7 n - 4- (4 - {[( 2 S , 5S, 3 
R , 4R, 6R) - 3, 4, 5 - F U k Fn^y - 6 - (t h'^y 

^i/tFn-2H-k'7>-2-'f;i'] ^ > ^ ;y } 7 x - ;i/ 
-1- (4-7;^D7x-;i/) T-fe*^i/>-2-^r> 

(56) ( 4 S , 3R) - 3- [(3S) - 3- (4-7JbtD7i 
- 3- tFD*J/7n^] - 4- (4 - {[(2S, 5S, 3 

R, 4 R , 6R) - 3, 4, 5-hUth*o^ri>-6 - ( fc h' o ^ v 
Fn-2H-k7>-2-^b] x ?•;]/- 2 - -I'M 
7x-;i/-i- ( 7 x - ;i/ ) r-fe*^^>-2-^-> 

(57) (4S, 3R) - 3- C(3S) - 3- (4-7 71^07x 
-;i/) - 3- t FD^y7Dt;v] - 4 - ( 4 - {[( 2 S , 5 S , 3 
R , 4 R , 6 R ) - 3, 4, 5 - f 'J t FD^y - 6 - (t Fndry 

1 Fn-2H-f7>-2-^i/] 2 --f ;i/> 

7 x l - (4-p<5 L ^7x-;u) yHzT-v>-2-7)-> 

(58) (4S, 3R) - 3- C(3S) -.3 - (4-771/^D7x 
-;i/) -3-th* D*S/7DKA] -4-(4-u(2S,5S,3 
R , 4 R , 6R) - 3, 4, 5-hVtKn*3/-6 - ( * ;i/ * 
^ ) ^JVtFn-2H-k7>-2--fM x^;v-2--f;i/} 7x 

- 1 - ( 7 x - ;u) T-fe'^-^>-2-^-> 
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mmm 1 8 

ft^-ft (18-1) ft-K-fls-b U >«*fflV>TK-fb£J(6i*ff -5 <p* 
^fcfcfc-&*& (18-4) CPd ( 0 A c ) 2 - ^ > V y > 
^h^gfWatJ; Dfls^tt (18-2) i: Ltz'&, $L&m 8 i: PJ 
h >$©^5l7£&*TVWbl§i$) (18-3) £*#2>o £ fes ft 
^ (18-4) t a -f h* a # V - 9 > % ff ^ ^ it^^i (18- 
3) *#«.i2:*-C*x ^^^^ >»7cffl*fc * D s S#lS?Wt:S 
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OH OK 




(Rj)r 

^mm 19. 

fas® (19-D z^ffiMTt {Mz-tfs m®&mmfe*m^z>i5 

& : R.Noyori et al . ,J. Am. Chem. Soc. ,1987, 109, 5856 )Ltft^8 ( 
19-2) (1 9 - 2 ) ®zK££&JftfK££&&£s 

ftf£R&2 (19-3) 
kt5. fc£«3 (19-3) CM U ft£rt) (12-1) i:Heck £ 

ft*; ^ufc-m^^^^teiSTci-s c i:TMb^ti ( 1 9 -4 ) 

X&fc^tl (19-5) fcffi#Rj5& (002. «n T.Hayashi et a 
1. , J. Am. Chem. Soc. 1984, 106, 158-16 3; A. Saiga et al. , Tetrahedron L 
ett. 2000, 41, 4629-4632; ;C. Dai et al.J.Am. Chem. Soc. 2001, 123,271 
9-2724) I, ib&Vd (19-4) £f#3o (1 9-4) Mil 

54 



WO 02/066464 



PCT/JP02/01481 



M Btft^, -ft 55; ( I ) ®JK*Sr£&3o 



Br 



O O 



35c 




OH O 



19-2 



O" 




Br 




19-5 



PdM& (R3)n 



( R 7 It -OAc §££{2 -OBn g) 



m&m 2 o 

5. > (20-1) £MjI0>J 1 9 fc#l^5*a7cbTfc-&& ( 2 0 
-2 ) its, (2 0-2 ) ©x^^;i/gp^/jn7X^fi? itM 

ts *;i/^>^i: ufcg&x m-&m*m^T /3-7 1 * hit (mutD 

C cm) £-e-T{b£rtJ (19-3) §H5o £ 5^ <b£$J (19- 
3) tt<b*&«B ( 2 0 - 2 ) cD/3-^?*Mb (WilttEtMgBr 

*) ftw&ns. {b^ti (i 9-3) iiMit^ij i 9 -jft^c 

( I ) ©JKSfc&S. 
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Br 



i) jL*?- )u&om$jm 




|-(R3)n 



mmm 21 

(19-1) tMlTSS^^^tf;^ 4b&® (21- 

1) *2ra;Hb£«i (2 1-2) fc-rs. fc^* (21-2) 



2 1-3) *flsJ3$*Tfc**B (21-5) tt5. (21- 
4 ) lc<fb-£4r (2 1 - 3 ) £ffcB£-frT-fb-&« (21- 6 ) znzo. 
ffi,^Xs <t&<to (21-6) tM® ( 1 2 - Uii 1 9 - 5 ) J: 4* 
y 7»J > £*£-£-?Mb£ti (21-8) LfcfiK (5 — v 9 $ k (21 
-10) <b^t) (21-5) l±^3Sr«7cb-Cft-&fe ( 

2 1-7) hbfets tt»fc* f 7* ij >^ LT'fb^rti (21-9) i: 
t5, <b£rt) (2 1- 9) U-7^AfttJu h-e<bi§rt) ( 2 1 
-10) tl^£>*i;Mbi§rt> (20-10) l±-fiS:5£ 

( i ) omntKZo 



TbLXihG® (2 1 - 4 ) CtSiPs <b^^ (2 1 - 2 ) ( 
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A3 



o o 



(R 3 )n 



(19-1) 



1) 



2) ^^Ai-X 
(R 3 )n (2M) 



A3 
(R 3 )n 



O O 




Rs 



A 2 

.0 



.A, 



(21-2) X=i/ ( R 3) n 



A 3 OH ° ^^""V* NH 2 



(R 3 )i 



A3 ? H J .A, 

(21-3) yJ A 2 \ (R 3 )" 

' (21-4) _ (R3)n (21-6) ~~ 



\f<Sfi> A 2 



v (R 3 )n 



(R 3 )i " 



a NO 

fcrY* 



^ A4 



•(R 3 )n 



(21-3) 



(R 3 )n y\ 

(21-5) 7 



Ai 
(R 3 )n 



/^W-(R3)n 

(R 3 )n i~^ Al 

(21-7)^ =/X < R 3)" 




R 8 



!) 



2) 



R7 



i) 



(12-1) 



f 7 

R7'..^S.-» R 7 




OH O 



R 7 R 7 -^0 ^R 4 O 
R 7 <.,Av' R7 (R 3 )n 



7 rr : 

(19-5) 




(21-8) \=NR 3 )n 



(R 3 )n 



^pRT-O^R, 



2) 



(12-1) 



(19-5) 



/->A4 \ p-itMt |^A 2 ^>^ 

^ </"%>„ 

?7 ( P n / A, (R 3 )n U A. 

HN O 



^(R 3 )n 



H 

(R 3 )n /~^ A ' 

(21-9) ^= N (R 3 )n 



L^-a 4 

(R3)n 



(21-10) 



A4s R 3n p> qs r N .Z H:t5«3i:lRl D n Rel±-CH = 

CH.Xtt- CH 2 OH> T-fca.. ktt 1W±©8SU lttOXftlfil 
±©g»T*&!K k+ 1 tt 1 0 WT©S*-e*5« 
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SILT C A 7 $ - (133 * mil ' ? 1/ 7 =r D -;W£TfF JB iw -3 v^ T © 

=3 u^yn— ;i/A*afA k7 9 -\z&tt%)\L7 * -tolt^iM 

;\A^^-^3Efo©il:^l^ 0. 5 %□ 1/ u — ji^^ts 
gsj 3H4 (CE-2 S B^l/Z) ^4Bl#xf;. 3Wfn-Jl/tl 
ftgB&fc#£ft$lfc:ft§£rt;£ i &l£ 1 B 1 HSi^J Ufc. S#(± 

#:S 1 0 OglfcOO. 2 mL © h £^ED =i (**JB?i£) Xti 

h ^D3*/at0*llMiOiS*4a*l;)S:. i^fe^ipf) 2 0 

Ml) Sffi^TiSlfc. M<bl§r$)©£iJ^fc2u S3l/^rD-jb 

tiicisi.^ is 7 9- n-)vm&.®±&friztt? znm* (%) 

T-^ Ltzo ft, gE 1 1 2 TM#i£©fei1iE£*iT^£fci§>t!tou 

■*« 1 3 *(Dm&&s wsstMts^ft* (%) &«r©*Cx-n©» 

fit* 5 -Eon i/^y'n — ;mT^ffltfe5o 
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c-t©SSfitaBt5fc^ c-^y;Hfc(A) tO-TVJl 

h -ITS C*fr*4»^ft$jetS*x Mark von ltzstei 
n£>©#& (Org. Lett. ,1999, 1,443-446) fcffc VMttftftlt U fc « 



CH 2 OH 

H( v\> 

ftHAc 



(A) 



No Reaction 



CH 2 OH 

HO v^o 

HO^V^'O^. 
RHAc 

(B) 



CH 2 OH 

HO V^o 

ftHAc 



+ 



HO' 
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B M ; a ~ N - 7 -fe ;u - D - iS ? 9 h if ^ — — -if ^ v -f £ & 

0. 3 2 unit (1. 6 9 unit/ml 0. 1 % B S A S^tr 0. . 5M 

. SII; (pD = 3) 0. 6ml 

vjLJzz. ! 3 5 °C 

ftff ; NMB JB > r^f-i-^KSJl 2 m g D & 5 ^ ^7 x > 

Bth'Jl>Aaff»0. 6mK 110. 3 2 unit £ AD* s 3 5 C C t 
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zcom.fr -5 C itttfc UTfflt^fc 0 -7'J (B) 

fiK m<$>ftlzM7kfrM%%tt 2 4 B# H & £ 33 ^ T 7 8 OTIlfeO 

C.-7'JH (A) l±s 2 4"Bf K 

% c * v > x & ± < # p ft © & $ a e » & n & o fc o 



1 
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4 - (4-{C(5S, 2 R , 3R, 4R, 6R) - 3, 4 , 5 - h 
'Jt F'D^i/-6- ( t Fn^fi'^fil') - ^ ;i/ b F n - 2 H - b' 5 
> - 2 - -f ;i/ 3 7 = ^ ;u ) (4S*, 3 s • ) - l- (4-7 

;b^-D7x^;b) - 3- C 3 - (4-7^tD7x-ji/) rnf;i/) 
7-f^y>-2-^> (<b£rt) (2)) 




##00 1 - a : {b£tl ( 1 - 4 ) 

( 1 - 2 ) ( 5 . 3 7 g) OT H Fit ( 7 0 mL) 9 
-BBN (5 0 m L N 0. 5M THF^i) £iQ;ts 5 B# IS) fto *ft & 

K$»4Sfilt«HJIb> KjPO* (lOmLx 3M 
AD it 1 5 #F^m# tfco ^ec^4 - ( t - 'J 
2/ * ^ ;u ) 7* n ^ > -t? > (3. 0 1 g ), PdCls (dppf) ( 
0. 73g) ODMF»« (lOOmL) £ JD * x 1 8^F^I#lfc, 

TBAF (15mLv 1. OM THFSt) Zm*.. 3 BSF^Jtftb 

- (IlifjUXrJb : ^ ^ > = 1 : 2) CT»S 
Is it-Sto (1-4) % 3 . 5 8 g N 2ftg (JR¥ 5 6 %) CTilf: 6 
Mass (ESI ) m/z : 662 (M+H 2 0) + 
IE (Or) : 3430 cm-' 
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1 H-NMR (CDCls):2.71(dd, J=8. 8, 13.2Hz ), 3. 13(dd, J=2. 4,14.2Hz ), 
3.32~3.36(m,2H),3.45~3.50(iaH),3.60~3.74(ins4H),4.4S~4.68( 

nu6HM.80-~4.95(i,4H),7.18-~7.37(n,24H) 
###J 1 - b : foG® ( 1 - 5 ) <D&m 

(1-4) (3. fig) O^DD^^A** (22. 0 m 
L) ic> Mn 0 2 ( 9 . 6 5 g) £iQ;U 2 B$m2)altltS% Ufco KJfc 

( 1 - 5 ) 4 3 . 46g (M 9 7%) fc&fi@H t Utffeo 
Mass (ESI) m/z : 660 (M+H 2 0) + 
IE (Or) : 1692 cm- 1 

1 H-NMR (CDCl 3 ):2.77(dd,J=8.8xl4.2Hz),3.16-3.20(maH)s3.32 
-3.36(m,2H)x3.49(dt,J=2.0,9.3Hz),3.61~3.66(m,3H)x3.72(t^J=8. 
8Hzh4.46~4.67(m,4HM.81~4.97(m,4HM.18~7.41(i,22HM.74( 
d,J=8.3Hz),9.95(S,lH) 

tfi^tt ( 2 ) 

( I ) <b-£r^ (1-5) (3. 46g) © h (54. 0 
mL) tl/^ra7->>-77 ( 3 . 4 6 g) N h Wl/K (®!*£ft)> 
p-7jl/tD7-'J> (0. 6 1 mL) *jDit\ 1. 5WHJn*fcaaE 

(II) ( I ) -Ctf 5> tifeft-^fe© r ;vx (54. 0 mL) t 
n B u a N (5. 1 m L) £ JD * fc «, 5 - (4-7J^D7xr;b) 

>^ D U h* ( 1 . 16g)£iD;U 1 5 H3fi|jbnailf3g«tLfc&> 
IN HC ( 1 5mL) SJnits 1 5#H8£#L,fco ££tJI£ 
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(III) (II) TH&nfcft^ttCMe OH:THF = 5mL:lm 
LcS^SSt: 10%Pd-C ( 2 0 0 m g) Sfinx., ?km%^TM 

set ommmwvtzo \-^m^x^^\,, zmzmm^, > 

|JA^^*7A^D?^57^ - (^DD*J1/A : * * y — ;i/ = 1 
0 : 1 ) CTlil, ib<t%d ( 2 ) H4mg (IR* 2 6 %) £*#fco 

Mass (ESI) m/z : 554 (M+H)+ 

IR (Or) : 3376, 1737, 1503, 1218 cm- > 

1 H-NMR ( CD 3 0D ): 1. 82~ 1.98(m,4HK 2.65- 2. 78(m,3H), 3. 09-3.39 
(m,7H),3.64(dd,J=5.4,12.2Hz),3.77~3.81(m,lH),4.94~4.98(iQvlH), 
6.98~7.05(m,4Hh7.18~7.22(m,2H),7.30~7.33(nK4H),7.38(d,J=7. 
8Hz,2H) 

H5&0O2 

4 - (4-{C(5S, 2R, 3R, 4R, 6R) - 3, 4, 5 - r 
•j7-tep^>-6- ( /--fe p t Fn-2H-t7 

2 ;i/) ^ 7x^;u) ( 4 S*, 3 S *) -1- (4-7 

;^Q7i=M - 3- C 3 - (4-7;u^t-D7x^;i/) 7 d t: ;iO 
T-tf ^^*>- 2 Ub^rtl (3)) 

OAc 
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2 ( 6 0 0 m g ) ©ffifc * t- 1/ > ( 1 1 • 0 m L ) I 
t sN ( 0 . 7 7 mL K ^TkSffi ( 0 . 4 9 mL ), DMAP 
Si) SJiiAn ISCT1 6 B3IHf*#l/fco * fSSlit£*T- 

- (llxfjl/i^r^ : ^*it>= 1 : 2) !:tliL. 
-fb^rt) ( 3 ) £ 6 0 0 m g (JR¥ 7 7%) KtUfc. 
Mass (ESI) m/z : 722 (M+H) + 
IE (Or) : 1749,1506, 1380, 1221> 1029 cm-» 

1 H-NMR (CDC Is ) : 1. 82~ 1 . 84(aix 4H) X 1. 93(S, 3H), 1 . 97( S, 1 . 5H)x 1 • 9 
8(Sxl.5H)xl.99(Sa.5H)x2.00(S,1.5H),2.02(Sx3H),2.61~2.64(m>2 
H)x2.79~2.82(iDx2H)x3.07~3.08(mxlH)x3.56~3.69(inx2H)x4.02~4. 
23(m < 2H)x4.58(dxJ=2.4Hz)x4.89~4.95(nxlH)x5.03(t > J=9.3Hz)x5.17 
(t,J=9.3Hz)x6.90~7.007(m,4H)x7.08-7.12(mx2H),7.18~7.24(nix6 
H) 

#*0fl 2 : fbi§r$> ( 2 - 2 ) 

4- (2, 3, 4, 6-rh7-o-'<>^;V-/?-D-^;i/3t: 
^> Hb^ (2-2)) 




2-2 



p - ( t e r t - 7'f ;^>' 7 i x;^> u ^ >>;M f ;W - 7* n ^ ^ 
> -fe* > ( 6 . 66g) (:-7 8°CT-nBuLi (lOmL, 1. 57 
M fcftffi LtiCSi^ft (XI) t-7 8'Cff 
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F7^>-;;^j^D/7^> ( I ) ( 7 . 3 l g ) tiTbi. 

ft tifc-fblir^&'fb^ f- 1/ > ( 2 6 mL) tSff U - 5 0 e CT" 
EtaSiH (0. 82mL), B F 3 • E t 2 0 (0. 33mL) £ fin 
x. \ 1. 5B#E«#L;fco fS*ntt«7X£)bn;U l i$HI«#&x «&J§ 

U XfJUti? Ai'0Y^ , 77^ - (B8if;i/ : ^ tr > = 1 : 
3 ) T?«|jRLs <bl§r^( 2 -2)1. 4 8 mg ( IR* 1 5 % ) * ft tz » 

IE (KBr) : 3388, 1452, 1362, 1210, 1068, 1026 cm-' 

J H-NMR (CDCl 3 ):3.49~3.81(m,4H),4.04~4.96(m, 13H), 6. 92-6.9 
5(m, 2H),7.09~7.76(m,2H) 

###J 3 - a : <t&®) (3-a) (D&Wl 

4- (2, 3, 4, 6 h 7 - o /? - D - Vfrzi K 

^ y *>;i/) ;>< h^^^lfi^f^xxr^ (-fb£-$) (3-a)) 

OBn 
BnCk.^l^OBn 

,OBn 

3-a 

MeOOC' 

<\j<&® ( 3 - 1 ) ( 5 5 5 m g), ^;i'-p-trDiFi/^>^J 
- h (153mg), PPh 3 ( 3 9 4 mg) OTHF (5. OmL) 
SftCDIAD ( 0 . 3 mL) fcSfliU 2 2 I#H«# Lfc-. MTI 
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v-)\> : > = 1 : 3 ) izxmmb, ibS® ( 3 - a ) £ 1 8 0 m 

g (JR$2 6 %) T-f#£o 
IR (neat) : 1713, 1605, 1434, 1359^ 1248, 1164 cm-' 
1 H-NME (CDCl 3 ):3.49~3.77(m,7H),3.89(s,3H),4.07~4.11(m, 1H), 

4.19~4.22(m, 1H), 4. 51-4. 60(m, 4H), 4. 82~4. 89(m, 2H) , 4. 94(s, 2H), 

6.87(d,J=8.8Hz,2H),7.15~7.36(m,20H),7.96(d,J=8.8Hz,2H) 
w%m 3 - b : <b£$ ( 3 - b ) ©£r/& 

4- ( 2, 3, 4, 6 - r F 7 - o - - /3 - D - f 

7/*>;i/) ^ h ^ri/^>^;i/y;i/u-;b Hb-£ti (3-b)) 

OBn 



BnO,,. JL *OB 



*OBn 
,OBn 

3-b 

OH 



L i A 1 H 4 ( 1 0 m g ) © x — x ;i/ ( 5 m L) iSCs ft £«l ( 
3 - a) (18 0ms) © x — ^ ;i/ (5mL) O'CCTiDxfco 
iSCT 1 5 #Ha8l# t fe&dTk ( 2 . OmL), 1 5X*Bfttl 
D £ A*** ( 0 . 5 mL) fcinitfco -fe 7 <f h 33if£, SiS***^ 

t it » ^is^'J^j^^A^vh^'?;^ - ( R&x ?■ ;i> x * 

: ^^rlt > = 1 : 1) ttiil, {b^& (3-b) £ 1 6 0 m 
S (M 9 3 %) -Cfffeo 
Mass (ESI) m/z : 684 (M+H+Na)+ 
IR (neat) : 3442 cb-» 

1 H-NMR (CDCl 3 ):1.56(s,lH),3.49~3.53(m,lH),3.60~3.77(m,6H), 
4.08~4.12(nulH),4.20~4.23(m, 1H) , 4 . 52 — 4 . 6 1 (m, 6H ) , 4 . 85 ( ABq, J= 
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11.2Hz,2H),4.93(s,2H),6.88(d,J=8.8Hz,2H),7.15~7.36(Eu22H) 
###J 3 - c : fh-irtJ (1-14) 

4- (2, 3, 4, 6-Th7-0-^>y;i/-/5-D-^/^f 
7;>>il/) ^>X7ibrk K (fb^t) (1-14)) 

OBn 




1-14 



(I) [4 - (2, 3, 4, 6 - ^ h7-0-^>v^-/5~D- 
^□t:?;^^) h;ux>0. 3 gCD0^{b^i3mLgi(:> N 
BSO. 9g^>VV;i/^-t^^fO. 0 5g£iQ;t, 2I^F^Jn 

- : = 1 :8) ttlSlfc. 

(II) (I) «t ^ d ( 2 2 4 mg) ODMSO (3 
mL) NaHCOa (45mg) £ an ;U g*S £ T 1 Bf N 
1 0 0°C£T 4 B^}f # Lfcs .-^x;)/ (30m 

Attssufe. mmz'g&tzk. <b^ti (1-14) 

tfftHi: LTM2 6 % (211) T'ftfco 

Mass (m/e) : 436 (M + ), 394, 307, 273, 245, 214, 163, 135, 105, 77, 51( 
BP) 

IR (neat) : 2914,1641,1437,1257,1017,954,708 cm-i 

1 H-NMR (CDCl 3 ,400MHz)<5 :1 . 96, 1 . 97, 2. 06 ( 12H, eaeh, s), 3. 75-5 .4 
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0(7H,m),7.96,8.02(4H,ABq),10.06(lH,s) 

nmm 3 

2-(4-C4-.{(5S, 2 R , 3 R , 4 R , 6 R ) - 3 , 4, 

5 - h U t K P * S/ - 6 - ( t K D * ^ ) - ^/i/ 1 K n - 2 H 

-t7>-2-^l/) 7 = - ;i/ ) ( 4 S * , 3 R * ) -1- ( 

4-7;i/tD7i-il') - 3- C 3 - (4-7;i/^D7x^;b) 7* D 

^^7«>y h* (ft-^ft 1 9 ) 




( I ) fc£r^ (4-4) (3. 1 9 g) 07-b h > (22.0 m 
L) mWUZs ■2'-7 , Df'f vBSxf-jv ( 0 . 7 7 mL)> J»B*-U 
(0. 9 7g)£Jn;U 4 0 B#HIJD8ftjB«iUfco iiSn-Jt^, 

55ibs 5 u . s/ v * v ft* ? jx # w*. t y ? 7 

4- (mmai?)], : 1 : 3) tt»»Lfc. 

(II) ( I ) (2. 93g) £x*7-;i/-:rh 

K o 7 >m&m (1 : 1 , 4 0 mL) fc&JR Lfco l 0 % P d 

- C ( 0 . 3 g) TkfcftfcTMfcT 3B$E!l«#Lfco *7 

- (^n^jl/A:^;-^=10 : 1) HTJjfMU lb£tl 1 8 
£ ( 1 . 2 1 g , 5 1. 8% (2 11)) l;Tt!5o 
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PCT.'JPOI'UUSI 




fate® 18 ( 4 0 0 mg) Orh7tFD77 > ( 5 : 

1 , 3 mL) CzkttflS 'J f "i? A (50mg) ^ jS)0 ^_ . 1ST 8 B#F^ 

1 ) ts (19) U77mg (Jfc* 5 1 . 0 % 

(311)) icti^o 




Mass (ESI) m/z : 636 (M-H)~ 
IR (KBr) : 3400,1722,1503 cm-' 

1 H-NMR (CD30D):1.53(s,6H)a.81~1.95(m,4H) N 2.65~2.68(m,2H), 
2.72~2.78(maH),3.09~3.41(m,7H),3.62~3.66(maH),3.77~3.82( 
mxlH),4.81(d,J=2.0Hz,lH)x6.85(d>J=9.3Hz N 2H)s6.97~7.02(m,2H)v7. 
18~7.22(m x 4H),7.30(d,J=7.8HzaH),7.38 ( d, J=8. 3Hz, 2H) 

6- C( 4 - {(2S*, 3S*) -1- (4-7^tD7iUl/) 
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-3- C3- (4-7;^D7i-;b) T'Df^j - 47^V?^r 
y>-2--f;U}(2S, 3 S , 4 R , 5R 3 6 R ) - 3 , 4 , 5 - 
h y b h* n =r ^ ;i/ 1 FD-2H-li7>-2-^;i/*'^ > > l J y £ 7 
h" ( -fb-^-^J 17) 



ib-&® 2 (300mg)s TEMPO (2, 2, 6, 6-rl>7^ 
f-jv- 1 - h'^ >; , 7 U —9 Vi3)V) ( 1 0 m g K KB 

r ( 1 Omg) ©T-fe h~ h V )l ( 6 . 6mL) $g#Cfi&fnS!7jc ( 
6. 6 m L ) n NaOCl (6. 6mL) ^Ifli, ^StT3MJI 

A^dy F^77^ - (^DD*;i/A — Jl= 10: 1 ) !:t 

SILs fc-fctt 1 7 £ 9 0 m g (Jfc* 2 9. 4 %) ttft. 

Mass (ESI) m/z : 566 (M-H)~ 

IE (Or) : 3388, 1737, 1509 cm-» 

1 H-NMR (CD 3 0D):1.82~1.97(m,4H),2.65~2.68(iiu2HK2.71~2.79 
(m,lH),3.12~3.24(m,3H),3.34~3.52(m,3H),3.62~3.68(m x 1HM.84 
(d,J=2.0Hz,lH),6.98~7.05(in,4H),7.18~7.21(m,2H),7.29~7.37(m N 
6H) 

##0S 4 - a : ib&Vo ( 8 - 2 ) 

D-p-^>^;^*^7i_j^ijj/> ({b-£-ti (8-2)) 



OH 




F 
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D-p-tb*D^>>7xn;i/^U^>(8-l) 16. 7 g <D 2 N 
-N a 0 Hzk$&«[ 5 0 mL»C CuSO* - 5H 2 0 (12, 5 g) 
©zk 1 0 0 mL jk&m&tUTL. 6 0 e CT- 1 RfoftL&M 
iS3;T"#-e>Ls 2 N - N a 0 H*»* 5 0 m L , ^;-^50mLs 
^>^*;i/7 p D^-)' h* 1 3 . 0 mL^iD^s ^tST* 2 0 B# m ft 1* & o 
ffi 3& U> tRs T-fe h >ttft?llfci> lN-HCl?X^i 

3 o o mL mwlx- lmmmntZo tirthmzt&Ls t 

■te h >CT&#U &m*2 tfc&<® (8-2) $13. 1 8 g (IR 
$51. 3 %) -Cff^o 

Mass m/z : 212 (M-45)\ 122,91(base),65 

IR (KBr) : 3022* 1587,1509,1389s 1248,1008 cm-» 

1 H-NME. (CD30D):5.07(s,lH),5.16(s,2H),7.12(d,J=6.8Hz,2H),7.3 
4~7.48(m,5H),7.45(d,J=6.8Hz>2H) 

4 - b : it-Sty) ( 8 - 3 ) O^m 

D - p - ^> V )lsJr*i/ 7 x~;i/-N- (t - 7K^>*;^- 
;iO 5/> (&£t> ( 8 - 3 )) 



$J (8-2) 12. 53g(OTHF-* (140mL) S9K 



OBn 



BocHN 




8-3 
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iZ ?k h U x =5- )v T X > (16. 4 m L). ( B o c ) 2 0 (13. 
5mL) fcan^MT" 4R#Rg8£#1'*« THFIiEIsU SSzK 
Jf % 1 0 %£x>&7jc$g?ftfc:-C p H 4 Ct Oo frigifi^^Tj'. ( 
100mLx3) atfits ttm«[*zk ( 1 0 0 mL x 3 ) SgfflAttzK 

(lOOmLxl) Cttt»U mM^i- V V tf A t T &jftT S o 
fclfcfcSSU ft^ttl (8-3) § 1 7. 4 g "C-f» fc. 

Mass m/z : 357 (M + ), 331, 301, 283, 256, 212, 148, 120, 91(base) 

IE (Or) : 3298,2968,1791,1656, 1608, 1506, 1452, 1392, 1242, 1161 

cm- » 

1 H-NME (CDCl 3 ):1.23(s,9H),5.05(bs,3H),6.94(d, J=8. 3Hz, 2H), 7. 
32~7.41(m,8H) 

#%$J 4 - c : <b£-$) ( 8 - 4 ) ©£rf& 
(3S) -3- [4 - (^>^;V^"^r^) 7x-;i/] - 3- [( t 

-rh^r->) i;vt;-jv7;;] 7p > s?;i/xa^;i/ (<b 

^'#J ( 8 - 4 )) 



OBn 




ftllrt) (8-3) 14. 4 gCTHF (80mL) S»C, zkftT 
hiJxf;V7^> (5. 9mLK -f V £ D □ *;u * - h (5. 

8mL) £ JniU 40»Ha»l/tftCHiNi/Et»O (N, N - 
iz /. hDVH7 (30g), E t 2O (lOOmL)s 40% 

k 0 HTktgfa (loomD * t> am) §iaxs 1. 5 \%?$mntz>o 

Ac OEiZXmm<D^TV * # >^^ibfcf, i-f/MlOOm 
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L ), & ( 1 0 0 mL) eMz.±ZZ%Mltz'iks 
UiSlnfilTK (100mLx2), Sift^igzk ( 1 0 0 m L x 1 ) ii 
T&#Ls &S7jc5itI^ h U 7 At^ifS. SiHSU ££i$£T 
HF :?K (8 OmL : 1 5mL) Ltz'&, *>;i/A-^> v'x- 

h 0 . 9 3g®MJif;i/7^>8. 3mLSI$iDXs I£t 2 8$ 
Hat#-f *o £j&$&x--r;i, ( 1 0 OmL) t;T#iRL^ 1 0%H 
C 1 fr&m ( 5 0 m L x 2 ), * (100mLx4), fiSlnASzK ( 5 
0 mL x 1 ) fCTft&U mfrm&i- h U £ A«f5. 
* Us ii!7-fe h - h U ;b ( 8 0 mL) IfctD B U 7 . 0 

mL^ 'Oi'j^DT^ K5. 7mL$iD^.s 1ST 4D!P^l}i1-5, 
SJ&m^I^x^x;^;!/ ( 1 0 0 mL) HsftSll, 1 0 %^x>|§ 
zkfci* ( 5 0 mL x 2 ) s ISftimWzk ( 1 0 0 mL x l ) s fiftfttt* 
(lOOmLxl) CTft^U HBzkffiK:*- h U !>AtTft*t5. 

^;i/x^^;i/ : n - -\^rit > = 1 : 2 ) £ T $1 3$ t~ £> bit'a^O ( 8 - 

4 ) % 1 0 . 3 5 g (M 5 5. 7 o 
Mass m/z : 461(M+), 404, 360, 314, 270, 212, 180,121, 91, 57(base) 
IE (KBr) : 3394,2956,1731,1689,1500,1290,1224,1149 cm-i 
1 H-NMR (CDCl 3 ):1.51(s,9H),2.89~3.12(m,2H),5.10(s,4H),5.09 

~5.13(m,lH),6.99(d,J=8.8Hz,2H),7.30~7.54(m,12H) 
##0!) 4 - d : ( 8 - 5 ) 

(3S) - 3 - 7 5. S - 3- [4 - 7 x - ;i/ ] 

7*d E*>K'*:'^;i'X*7 l ;HB®« (-fb£% (8-5)) 
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HC1 -H 2 N 




<b-^t) (8-4) (3. 0 0 g ) O^ii^JVx^T^ (30m 
L ) mm lZ 1 7 % igi? - 3i * y -;!/*«[ 1 0 m L £ 7L , 3 G# 
"f &o ££it§£U a^ic (^g!oi^;uaiXx;u : n-^*^> 
= 1:4) Sin*;. ^h b b^^. 5 3U $£&Ta Mt£rt! (8 - 5) £ 
2 . 4 6 g (Jfc* 9 5 . 2 %) T"?#3o 
Mass m/z : 361 (M-36. 5) + , 344, 270, 147, 121, 91(base), 65 
IR (KBr) : 3016,2908,1725,1581,1512,1299,1245,1185 cm-i 
1 H-NMR (CDCla), :3.05(dd,J=6.4Hz,18.3Hz,lH),3.27(dd,J=6.4Hz, 
16.8Hz,lH),4.64~4.65(m,lH),4.94~5.03(m,4H),6.89(d,J=8.7Hz,2 
H),7.15~7.41(m v 12H),8.77~8.78(in,3H) 
#%j^J 4 - e : ft^-tJ ( 8 - 6 ) © «§r$ 
( 4 S ) - 4- [4 - (^>^;b7)-^iy) 7 * - ;b ] 7 - 
2-*y (-fb-^ti ( 8 - 6 )) 



<b^^J ( 8 - 5 ) ( 6 . 48g) ©M^^xT^^FiUSMtTk 
( 1 5 mL ) tUXs 1 M-K2C O 3 7k®miZZT)lt> 'JttCtS. 
ffF^xf-ji/x;*^^ ( 3 O.mL x 2 ) Jlfiiilb, & Hi & £ & fa & 7.k ( 
5 0 mL x 1 ) (CTftrf U &3kBfc&^ h U >>Al:tffi»t5. 
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6 m L , h M^J^)j;i/^D7-f K2. 7 m L & JO * s M ?& T? 1 4 

6 5 mL^?Ji tR^T 2 M - t - 7* ?=- T 7' * 
'f F-i-rJl'SilO. 7 m L £ Ja x. , gigt- 1 8 D# 1" 3 c 

S/SM^tK^ fi$ftJJ£ft7' >^ - TtK^M (5 0 m L), @£e£xt- 
iU^fiK5 0mL) s 1 OXHCI*jS«[ (5 OmL) «JDi, 
1 B#Htlt#?-3o Ux zkflfcHfcgt^x^l/x* 

5 1 ;i/ (5 0mLxi) &ffiT£o fc> ■£ W£l Jf £ 7j< (5 0mLx 
1 )s tSfclMW* (5 0 m L x l ) > IS|n^^7jx (5 0 m L x l ) £Z 

0:1) T**f§£Lx ^StlfeSSSKKx^^ai^T 1 ;!, : v\*#>fc 
Tft#&x ISitS (8-6) £ 2 . 50g (JR^ 6 0 . 

7 %) ff#5o 

Mass m/z : 253 (M+), 162, 91(base),65 

IE (Or) : 3184,1749,1698,1540,1410,1248,1100 cm-i 

1 H-NMR (CDCl 3 ):2.84~2.88(ddd,J=1.0Hz,2.4Hz,15.1Hz,lH),3.39 

~3.44(ddd,J=2.4Hz,5.4Hz ) 14.8Hz,lH),4.68(dd,J=4.9Hz,14.9Hz,lH), 

5.08(s,2H),6.09(bs,lH),6.97(dd,J=2.9Hz,7.8Hz,2H),7.28~7.44(m, 
7H) 

4 - f : (8-26) (D&m 

(4S) -4- [4- (^>5?;i/**^) 7 x ~ -1- (4- 
7;i/5f-D 7 ix;i/) 7'-fe-^- $ ;>_2-^-> (ft£-#j (8-2 6 )) 
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4t&%} (8-6) (1. 0 0 g ) (Di&ib* 9- 1/ > (1 OmL) g & 
th'Jx^7^> (0. 8mL) 4-7;i/tD7irjl/t;n;^ 
7i"y F ( 1 . llg)x«(II) 7-bf-hO. 7 5 g£iDx.s 4 

'aai**lfc3:?-;i/at^^^ (5 0mL)s tK (5 OmL) U 

5 0mLx3) iiilU ^fctfcStif ^xXrM^zfc (50m 
Lfrfr* 1 X 1 0 %H C 1*** (5 0 mLK $fnfiW7k (50m 
L x 1 ) s ( 5 0 mL x 1 ) ictt^U SR*fl[K^ b U 

7^>7 <{ - (^>-tf > : x-7 L ;i/= 12:1) CtlUU 

m (8-26) £ 1 . 06g (» 7 7. 3 %) T'ffSo 
Mass m/z : 347 (M + ), 256, 210, 137, 91(base), 65 
IR (KBp) : 1731,1620,1506,1380,1242 cm-» 

1 H-NME (CDCI3 ), :2.93(dd,J=3.0Hz, 15.2Hz, 1H), 3.52(dd, J=5.4Hz, 
15.2Hz, 1H), 4. 93(dd,J=2.4Hz, 5.4Hz, lH),5.05(s,2H),6.90~6.99(m,4 
H),7.24~7.43(m,9H) 

4 - g : (8-27) 
(4 S) -1- (4-7;p*D7iXjk) - 4- ( t K D 3- v 7 x 
= 7l£f-P>-2-*> (fc^tt (8-27)) 
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.OH 



(8-2 6) (2. OOg) ©IlifM^TJl/-^; 

-)i (5 omD mmiz 5 vt> k-mm o . 2 o g4;&D*H2 



3 6 g (KX2£9 1.9%) T-#5o 

Mass m/z : 257 (M+),214, 120(base), 91, 58 

IE (KBr) : 3106, 1707, 1620, 1503, 1453, 1383, 1257, 1218 cm-i 

1 H-NMR (CDCla)s :2.93(dd,J=2.4Hz,15.7Hz,lH),3.53(dd,J=5.9Hz, 
15.2Hz,lH),4.94(dd,J=2.9Hz,5.4Hz, lH),5.22(s, 1H ) , 6 . 85 ( d, J=8. 3Hz, 
2H),6.93(s,J=8.8Hz,2H),7.23~7.27(m,4H) 

##0)J 4 - h : <b<&® (8-28) O^fo 

4 - [(2 S) -1- (4-7;i/*07xn;i/) - 4 - # * V 7 -if 

v y - 2 - << ;i/ ] 7i = ^hij7^tn^>7^**-i> ( 

^ (8-28)) 



A:7th>=10 : 1) t T HSJ f 3 £ ft £ tl ( 8 



2 7) £ 1 . 
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<fb-£fJ ( 8 - 2 7 ) ( 0. 3 5 g ) (Digit* f- U > 1 0 mLIIii 
{C7X^T f U ^ > 0 . 1 2 m L N "JR* h'J7;^D^>^;^>l 
0.26 mLSiOXs 1 «FBBa^"TSo SiS»*7k* ( 2 0 m L) £ 
aiSgxf^x^rA ( 3 0 mL x 2 ) Jft tB I, Wbttitt4 10%H 
Cligi (2 OmLxl), ta?0fil7X ( 4 0 m L x 1 ) % 
tK ( 3 0 mL x 1 ) tcT&if Ls *S7Kifuit± b 'J ^MCT^tS. 

: n - ^ * if > = 1 : 3) £T#f££T3 iflDft^tl 
(<bi§rt) 8-28) ^0. 48g (JR* 9 0 . 7%) T-f#£o 
Mass m/z : 389 (M+), 347, 252, 214, 186, 137, 119(base), 69 
IE (KBr) : 1734,1509,1416,1383,1248,1212,1131,900 cm-'. 
1 H-NME (CDCla), :2.94(dd,J=2.5Hz,15.2Hz,lH),3.16(dd, J=5.9Hz, 
15.2Hz,lH),5.04(dd,J=2.5Hz,5.4Hz,lH),6.98(t,J=8.8Hz,2H),7.21~ 
7.25(m,2H),7.31(dd,J=2.0Hz,6.8Hz,2H),7.45(dd,J=2.2Hz,6.8Hz,2H) 
#%0|J 4 - i : it&m (8-29) (DS$L 
(4S)-4-[4-({2S, 5 S , 3R, 4 R , 6R) - 6- 

[ ( ^ y it ry * * ) ^ ^ ;u ] - 3 , 4 , 5 - h i) ^ > ji •* * *s ) 

^jVt h'P - 2 H — tT 7 > — 2 — 4 )\/} 7 x - jb] - 1 - ( 

4-7)l){fD7i'-*) T -tf ^ i>* > - 2 - ^ > ( -fb (8-2 
9)) 



OBn 
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itS® ( 8 - 2 8 ) ( 0 . 3 2 g) 0THF4. 1 mLil 0 . 
5M-9-BBN/THF ( 3 m L) &tt £ M 7. > 6 1^^iigt5e 
£jc&ift££fi£ L 3 M - K 3 P 0 4 tK ^ r« ( 0 . 6mLK TH 

F 4 . 7mL, #%0!J4 - h T* f# & *lfc<b£«J 0 . 2 2 g, P d C 1 
2 (dppf ) 0. 0 4 2 g fcj&nfcs 50 °CT* 1 6 HF^tlfn « c S 
JiBttfc* (3 0 mLK SixrJU^ril/ (30mL) ^J]Di. -fe 
^-f h33!Ls 5i^iixfJHXfil/ (3 0mLx2) tB ^ o 
ttttiitS* (3 0mLx2K fi&HlAffi* ( 3 0 mL x 1 ) tTiR^ 

= 1 : 4 ) fcTJRIfir* fcs fc£*9 (8-29) £ 0 . 209g (JR 
$45. 4%) unto 

Mass (ESI) m/z : 800 (M+Na(23))+ 

IR (KBr) : 2896, 1746, 1509, 1377, 1095, 1068 N 750 cn-» 

1 H-NMR (CDC1 3 ), :2.69~2.75(dd, J=7.8Hz,14.7Hz, 1H), 2. 89(dd, J= 
2.5Hz,15.1Hz,lH),3.12(dd, J=1.5Hz,14.2Hz, 1H), 3.30-3. 37(m,2HK 3. 
46~3.53(m,2Hh3.59~3.74(m,8H),4.45-4.64(m,4Hh4.81~4.94(m, 
5H),6.90(t,J=8.8Hz,2H),7.19-7.35(m,26H) 
4 - j : (8-30) (D^St 

3 - {( 4 S , 3R) - 4- [4 - ({ 2 S , 5 S , 3 R , 4R 3 6 
R) - 6 - ( ^ > * * ^ ;i/ ) - 3, 4, 5 - w<>i?)i* 
* > ) ^l/kFD-2H-t7>-2-^l/} 7 i - ] - 

1- (4-7;ptD7i_;i/). t^v?* , fy>-3-'fM 7dk 
t>i^f;i/x^r;y ({b^'#j (8-30)) 
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2M-LDA/a7^>-THF (1. 3mL) ^THF 3mLl: 
#IRL, -7 (8-29) 1. 0 0 g©THF (1. 5 

mD mm* nax., mtFii}$ifci^f;i/7^'jv-ho. 132 

gCDTHF (2mL) *gi#£jDx., 0. 5 B#FJ£# 1 T S o ELJfcmiZ 
mmi&ibTy^-Tyk (3 0mL) &iDx., MUlzM U mm.^^)^ 
x7r)l/ (6 0mLx2) SitST S„ $ m^f&flJ^Tk ( 5 0 m L 
xl) \zx$bW\stz'&, h y £ A fcT3£^-fi>o 

x;U : n-^^-9->= 1 : 4) CTllStS^ Ibllrt) (8-30) 
£ 0 . 7 9 3 g (Jfc* 7 1. 8 %) T-f#fco 
Mass (ESI) m/z : 864 (M+l)+ 

IE (KBr) : 2854, 1740, 1509, 1452, 1362, 1215^ 1140, 1098 cm-i 
1 H-NMR (CDCI3 ), :2. 19~2.23(m, 2H), 2. 47~2. 59 (m, 2H) , 2. 72(dd, J 
=8. 8Hz, 14.6Hz,lH),3.04~3.13(m,2H),3.30~3.37(m,2H),3.42-3.4 
8(m,lH),3.64(s,3H),3.61~3.74(m,4H),4.47~4.63(m,5H),4.81~4.9 
4(m,4H),6.90(t,J=8.8Hz,2H),7.15~7.35(m,26H) 
###J 4 - k : 4b<£® (8-31) <D$m 
US, 3R) - 4- [4 - ({(2 S, 5 S, 3R, 4R, 6R) 
-6 - (^>^;i/^^rS/) - 3, 4, 5 - b l ) 

i/) 1 FD-2H-t7>-2-^l/} ^ 7 x - - 1 
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- (4-7;^D7iz;b) - 3- [3 - ( 4 - 7 )l X o 7 =. - )l ) 
-3-**V7Dtji/] 7-tff-v>-2-%-> ( <b £ (8-3 
D) 

OBn 




Ib^t) (8-30) 1. 7 5 gOTHF-MeOH (20mL) I 
?SC*5mLx LiOH - H 2 0 (0. 0 8 4 g ) ZMZ, ^i&T* 4 
^P^I^tS, 10XHCl*»*t:t»ttl:U «xfM7r 
;!/ ( 3 0 mL x 3 ) fcT&ift-rs. &&£g£L, B&Z */ 3- 

£§^©iM<fb^ 5=- 1/ > (8. 4mL) 13 2 M - * * if' J ^ 7 D 7 
Pomibt^l' >i« ( 0 . 8 4mL) ^Jnis ISs 16I$FM# 
bfcgK 7;i/- K©$?7 d ^ W K£f#£o 

v 7* * t?A (0. 0 8 4 g) ©THF (lmL) li«C3^I 

(0. 4 7 g) ©THF (8mL) }«£iQX.x 3 0 # Hit SSI* So 
m'fbffiiS^^ETs 1 0 0 °CT- 2 D#P^I£')tv 0. 3 6 8 gOTH 
F (8mL) Mf&fczktfTx flcSHSE b 7* I) - * -iHSlO T H 
F$g«&iD;U 1 mmffifttZo ZZ^ 1 0 o CT-P d (Pha 

P)< (0. 0 6 8 g) ^JlD^s 5#J£#Lfc&is7 u J K O T H F 

( 7 mL) m&ZMz., grST- 1 DSHI9t#T*. EJfcftC 1 0 %H C 
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(2 0 DiL) ZliUZ-. llxril'XXrJV ( 5 0 m L x 2 ) 
MffiU $ M £ 7.k ( 5 0 m L x 2 k M ig7X ( 5 0 m L x 1 ) 

^+)-> = 1:5) tl TESTS ( 8 - 3 1 ) £ 0 . 91 

0 g (M 7 3. 7%) nmtzo 
Mass (ESI) m/z : 551 (M+Na(23)+1 ) + 

IR (KBr) : 2920,1746,1690,1610,1310,1280,1240,1100 cm-' 
1 H-NME (CDCI3 ), :2. 23~2.42(m, 2H), 2. 72(dd, J=8.8Hz, 14.7Hz,l 
H),3.09~3.74(m,llH),4.46~4.63(m,4H),4.66(d,J=2.5Hz,lH),4.81 
~4.94(m,4H),6.91(t,J=8.8Hz,2H),7.11(t,J=8.3Hz,2H),7.33~7.89( 
m,26H),7.96~8.00(iD,2H) 

mmms 

(4 S, 3 R) — 4 — ( 4 - {[(2 S, 5S, 3R, 4R, 6R) 
- 3 , 4 , 5 - h V fc' h* d * > - 6 - (k Fd4<>^^) ^ibt F 

d - 2 h - f ^ > - 2 - ;i/ } ^ ^;b) 7 ^ - 1 - ( 4 - v ^ 

t07i-jO - 3- [3 - (4-7j^D7i-Jb) - 3 - :* * V 

7-p k;H r-if^^>- 2 - 2- > Hbiii-t) (2 6)) 




<b^t) (8-3 1) (0. 27g)0*Hb*^U>(5. 4mL) 
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!gt!:-78°C-clM-BBr i/i&ib* U ( 1 . 8 mL ) 

£2JQ;U 1 ftfSMWtZo SJ©**** ( 3 0 mL) t:Sfs 
* ;i/ A (3 0mLx3) t&tiiTZo fft Hi ffi * * ( 5 0 m L x 1 ), IS 
fnSWTk ( 5 0 mL x 1 ) N fiSfn^m*: ( 5 0 m L x 1 ) tT&frU 

*7A^P^h^*77^ — (^□D^;i/A:p<^y — ;i/=8 : 1) II 
TlltShi^i (26) SO. 147g (JR¥ 8 9. 1 %) Tf# 

fee 

Mass (ESI) m/z : 568 (M+l) + 

IE (Or) :3400, 2902, 1737, 1680, 1596, 1506, 1386, 1224, 1152, 1134, 1 
086cm- i 

1 H-NME (CD 3 0D), :2.28~2.34(m,2H),2.74(dd,J=8.3Hz, 14.6Hz,l 
H),3.09~3.39(m,10H),3.64(dd,J=5.3Hz, 11 . 7Hz, 1H), 3. 78(dd, J=2.4 
Hz, 11.7Hz,lH),4.95(d,J=2.4Hz,lH),7.01~7.05(m,2H),7.22-7.26( 
nu2H),7.27~7.38(m,6H),8.06~8.10(m,2H) 

mmm 6 

3 - [3 (S) - 3- (4-7Jl/tD7i^il/) - 
7 , Db*;i/]-(4S, 3R)-4-(4-{[(2S, 5 S , 3 R , 4 
R , 6 R ) — 3 , 4, 5-MJkFD^>>-6- (kFD^i/^f 
;iO ^;i/t h* d - 2 - >- 2 7 x - ;b) - l - 

(4-7WD7z:;P) T-S'f-S? >- 2 - # > Ub-^tl (22)) 
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F ^ o' 



O 




26 



.OH 



fb£® (8-32) (0. 0 6 1 g ) §-20°CT"^'fb^r-l/> ( 
0 . 6 mL) tjgjSfUl ( 2 6 ) ( 0 . 1 1 5 g )• (D&it 

t^i/y (2. 8mL) ^rt^in^s tts.-jv 

L ). 1 0 % H C 1 zkiSifc (3 0 m L) £Jn£. ft BK x ?■ ;i/ x 7> ;i/ 
(3 0mLx3) iaiU iftHlffi** (30mLx3), fiSM&Tk 
( 5 0 mL x 1 ) Ctffi^U MtIcM:?- h U ^Att^tS. $ 
L. li^i' 'J*^;i/*7A^D?h^77^f - ( ? d n * 
;UA : ^ ^ y -;i/= 10:1) (CTJii^-r S tit&'tid (22) $ 0 . 
0 8 9 g (JR* 7 7. 1 %) T-ff So 
Mass (ESI) m/z : 570 (M+l)+ 

IE (Or) : 3370, 2902. 1725^ 1506. 1389> 1218. 1083. 1011 cm-> 
1 H-NMR (CDsOD). :1.88~1.99(n.4H).2.76(dd. J=8.3Hz, 14.2Hz.l 
H).3.09~3.40(m.7H).3.64(dd.J=5.4Hz, 11.5Hz. 1H) . 3 . 79 (dd. J=2 . OH 
z, 11.7Hz. 1H). 4. 65(dt,J=4.8Hz, 6 . 4Hz. 1H). 4. 85(d. J=2. 0Hz. 1H). 7. 
00~7.09(m.4H).7.29~7.40(m.8H) 

mmm i 

lb-&%) (8-33) (D&m 
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( 4 S , 3 R) - 4- [4 - {(2S, 5S, 3 R , 4 R , 6R) 

- 6 - [( * > V ;i/ * * > ) * ^ 1 - 3 , 4 , 5- FH>y'il'/t 

* ) t F □ - 2 H - f 7 > - 2 - -f ;i/ ] 7x-;i/) - 

1- (4-7Jl/tD7irjV) - 3- [(2E) 3 - (4-7)u*D 

7 x - -2-7*n^-;i/] 7 > -fe*7-v>-2-^> (8- 
3 3)) 

OBn 




8-33 



2 M-LDAA7^ > — T H F (0. 6mL) £ T H F (1. 5 
mL) fcftft Us - 7 8 0 CT"ft£r<$) (8-29) 0. 3 3 6 gOTH 
F 3mL«*tJOitx 30»!8fliLfc^ DMPU (1, 3-^ 
^;i/-3, 4, 5, 6-f F7hFD-2 (1H) -e';^7>) 
1 . 8mL£iD;Lx IC3 0 #8£#ir £o S**fc 4-7;^Di/> 
t^^DTO'O. 1 1 IgOTHFl. 5 mL&fcfciJOits 30 
#BB«#Lfc-SK JSftffiftT^^-T*® (3 OmL) fciJDiU 
tgt, SISt^^l/xT^U (5 0mLx2) L> tttti^SzK ( 
5 0 mL x 3 K tSjfQ^^7K (5 0mLxl) fctifc&U m&mWt 

D7^77^ - (i^xf;i/x7r;i/ : n-A^if>= 1 : 5) IZ 
TlSgtSilfb^i (8-33) % 0. 2 5 3 g 6 4 . 4%) 
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Mass (ESI) m/z : 934 (M+Na(23))+ 

IE (Or) : 2890, 1746, 1509, 1383, 1359, 1224, 1137, 1098 cm-' 

1 H-NMR (CDC1 3 ), :2 . 63~2. 88(m, 3H), 3. 12(dd, J=l . 9Hz, 14. 7Hz, 1 

H),3.20~3.38(m,4H),3.47~3.48(m,lH),3.59~3.74(m,5H),4.45~4. 

63(m,4H),4.65(d,J=2.4Hz,lH),4.81~4.94(m,4H),6.12(dt, J=6.8Hz, 

14.6Hz,lH),6.45(d,J=14.7Hz,lH),6.90(t, J=8.8Hz, 2H),6.95(t, J=8. 7 

Hz,2H),7.14~7.35(m,28H) 

(25) 

4 - (4 - {[(5S, 2 R, 3 R , 4R, 6R) - 3, 4, 5-K 

ijtF'D*^-e'- (tFD^ri/^f;i/) t h* d - 2 H - £ =7 y 

-2-4)1] 7x-;U) - (4S, 3R) -1- (4-7;i/ 

•tU?3L-)\,) -3- [3- (4-7;PtD7i-;H 7*Df^] 7- 
Hf 2 - Ub£!$) (25)) 



OH 

HO,„ JL .*OH 




tfs£«5 ( 8 - 3 3 ) ( 0. 2 3 g) (D^; T H F (10m 

L) femiz 5 %n 1 7 9 JtJ A-J^il 0 . 1 1 5 g£Snx.s 2k£#*£H 
«T«l"C5«f-|lll!H*t*. EJ&iftfc-fe^-f h351U3rt£g£^ 

-;b= 9 : 1) CtlSL, fc&ftfcattttJfcx-^;!,/^*?:/^ 
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Zfeikibt £ tit&fy} (25) * 0 . 1 1 3 g (IR* 81.1 %) t" 

. Mass (ESI) m/z : 554 (M+D* 

IE (KBr) : 3394,2908,1737,1506,1386,1218,1089 ci-* 

1 H-NME (CD 3 OD), :1.88~1.95(m,4H),2.66(t, J=7. 3Hz, 2H), 2. 75(dd, 

J=8.3Hz, 14.2Hz,lH),3.09~3.40(m,7H),3.64(dd, J=5.8Hz, 11.7Hz,l 

H),3.78(dd,J=2.5Hz, 11.7Hz, 1H),4. 91(d, J=2.0Hz, 1H),6. 97-7. 04(m, 

4H),7.18~7.33(m,6H),7.38(d,J=8.3Hz,2H) 
5 - a : ft^rt) (11-3) 
5 - ( 4 - 7 If - 1 0 , 1 0 - *J * 3- - 3 - V * * V - 3 - *7 

h'Ji/^D [5, 2, 1, 01, 5]x*>-4-^;i/)-5-^^ 

V^>^>l^f^x^rJl/ (ft-fcttl (1 1 - 3 )) 




11-3 



, (R) - ( + ) 2, 1 0-73>77-^;^A (0. 8 9 g) © h 
M > ( 1 4 mL ) 7X^Ts Tic* ft ^- h U £ A ( 0 . 18 2 

g) £2w*gfflT 2 0#H{K#Lfc& N ^il/-5-!)DD-5-t 
drV -^1/ 1/- h (0. 8 1 6 g) iiffliU. iSt 1 B#HJ«#f *o 
S^mtfiSWJfiftT^^-TTk (4 0mL) CSf, SIxfM^ 
(5 0mLx2) ttEKTS. ft] {titt * fiSftAtt* (5 0 m L x 
1) fcTM Is i^Kith'J'JAtTftJIti. 8&*S*U 
g$ % ^> U * y ;b *7i»^D7^7_7-f - (?DP*JbA : 7 * h 
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>= 4 0 : 1 ), (ffgxfJI/X*^;!/ : n - ^=r+r > = 1 : 2) !:t 
mmtZ t> 4bi§r^ ( 1 1 - 3 ) & 1 . 3 0 g (JR* 91. 8 %) T- 

o 

Mass m/z : 343 (M+h312,279, 129(base), 101 
IE (Or) : 2944,1720,1689,1440, 1413, 1389, 1335, 1215,1050 cm-» 
1 H-NME (CDaOD), : 0. 97(s, 3H), 1 . 16( s, 3H), 1 . 35- 1 .41(m, 2H) , 1 . 87 
~2.12(m,7H),2.39(t, J=8.3Hz,2H),2.78(t,J=7.4Hz,2H),3.46(q,J=4. 

4Hz,2H),3.67(m,3H),3.85~3.88(m, 1H) 
5 - b : <b£-$J (1 1-10) 
( 4 R) - 4- {(IS) (4-yn ; E7i-;i/ [(4-7^D7 
x - ;i/) T^y] *?"M - 5- (4-7f-10, io-y^^ 
-3, 3-^t^rV-3-f Th'Ji'^D- [5, 2, 1, 01, 
5] 7 s * > - 4 -4 ;i/) - 5-*^V^>^>8/fM^f^ (it 
<£® (11-10)) 




TiCh (0. 23mL) (Dt&it * ? \s > (lOmL) «tt (I tK 
^Tn Ti (O i P r) 4 ( 0 . 2mL) $JDX^ 1 5#®&#Lfc 
<b£tl (11-3) 0. 65g©^fb^^l/>(3. 5mL)g 

7 2 mL) z immmn\stz'&s - 2 0'ct^aiu dz) -7? 
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- 2 - (4-7D = 7i-M -1- (4-711/jC7-i,V) 

> i . 15 g©^<b^ =r v> (3. 5mD $g«£jn*s 3 mmun 

TZo S*»K:Bffi-ia'fb^^U> (lmL + 5mL) £Jn£. MS 
(1Mb, 1 0 ( 3 0 mL ) fciraiU BRxfjbx;?;!' 

( 5 0 mL x 2 ) N tttB bx a ill*** ( 5 0 mL x l ) s fiS^afilf tK 
(5 0 mL x 1 ) N fig^D AJfiTk ( 5 0 mL x 1 ) U SRzkiifc 

^7^77^ - (£nn*;i/A;7 , -feh>=5 0 : 11 K 
x^;i/x7x;i,:n-^*i7->=l : 2) CTIIU <b£r$) ( 1 1 
-10) tO. 7 0 8 g (mm 6 1. 1 %) T^ffeo 
Mass m/z : 622 (M+2)+,620 (M + ), 343, 278, 200, 135, 95 
IE (Or) : 3376,2944, 1734, 1683,1509, 1437, 1269, 1131,1059,1008 
cm- 1 

1 H-NMR (CDCla), :0.95(s, 3H),0.95(s,3H), 1.24-1 . 39(m,2H), 1.60 
~2.04(m,5H),'2.28-2.33(i,2H),3.45~3.57(iB,3H),3.62(s,3H),3.79 
~3.91(m, lHM.56(t,J=9.3Hz,lH),4.95(d,J=10.2Hz,lH),6.34~6.38 
(m,2H),6.71~6.76(m,2H),7.17(d,J=8.3Hz,2H),7.41(d,J=8.3Hz,2H) 

#%0O 5 - c : fc&m (11-11) 

3 - [ ( 4 S , 3 R ) - 4- (4-7*D^7ir.;i/) -1- ( 4 - 
7 ;i/ * D 7 x = ;i/ ) - 2- t*V7t'f^>-3-^l/) 7 D £ D > 

l^;vx7r;MM(ii-ii)) 
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fll^ft (11-10) 0 . 52gOF^x> (lOmL) S^£5 
0 °CT" N , 0 - E7. h I) * f-fr is D JV 7* h T t h* ( B S A ) 0 . 4 
lmLSiOX. 3 0«jtbtl lM-7h7-n-7f^7> 
^zr)A7j^'J F/rh7t FD77> (0. 84mL) £ M Z. . 

5 o °ct- 3^Fii#t?)o Kj&ifcfcMS-e** is * * ; ( 1 

mL) Six. 5 frmUft 1 0 %&®7kmWi ( 1 5 mL) £ 

JOXs #Kxf-;i/x*x;i/ (50mLx2) tt&f 3 o ttiB*** ( 
5 0 m L x 1 ). l£ftimW7.k ( 5 0 m L x 1 ) IS^^J^tK ( 5 0 m L 

x i ) izx.m^L, m&mwu- 1 u ^ttetSo iisssu 

n.-^^V>~ 1 3 ) tCTm^b. fcl£r$) (11-11) SO. 2 

2 7 g (Jfcafs 6 6 . 7 %) 

Mass m/z : 407 (M+2)+.405 (M+)> 270, 208. 169. 129(base), 95 

IE (KBr) : 2938. 1758. 1503, 1440,1371. 1233, 1101 

1 H-NME (CDCla), :2.21~2.56(m.2H).2.49~2.61(m.2H).3.08~3.1 
2(m, lH).3.67(s,3H).4.66(d.J=2.5Hz.lH).6.92~6.97U,2H).7.18~7. 
22(m.4H),7.51(dd.J=1.9Hz,6.3Hz.2H) 

#%0<J 6 : fc&m (12-4) (D£& 

3 - {( 4 S , 3 R ) - 4 - [ 4 - ( 3 - {( 2 S , 5 S , 3R, 4; . 
R , 6 R ) - 6 — ( ^ > V * i/ * ?)\, ) - 3 , 4 , 5 - ( h U ^ 
> ;i/ * * */ ) ^ ji/t h* d - 2 H - m 5 > - 2 - -T ;i/ } - l - 7* d ^ 
> ) 7 x — ;i/ ] -l - (4-7;i/^-D7x-;i/) ;t v 7 -fc? ^ v > - 

3 -J )l} 7ntD>|^;U7T^ Hbi^ (1 2 - 4 )) 
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OBn 




ih^m (11-11) 5 7 5 mgi:3 - ( 2 , 3, 4 , 6-rl>7 

- o - ^ > v ;i/ - /3 - D - ?)]/ n t: ^ y ;i/ ) - l - 7* n ^ > l . 2 

g£ h 'Jif;i/7; > (5mL) CSflfU Ar#l^h hU-o 

- h V )]s*X7 J > ( 4 3 mg) ^ £ A ( 1 6 mg ) &ZJD 

iTioo-ct-cni^iaattfts. gisfcuu ^*M£3S'JL£ 

f£s K^x^;i/x^x;i/ ( 5 0 mL) Cttls 1 o faft-k 

n > = 1 :4) tiTft^TS ft£4&> (12-4) $1. 
1 g 8 7. 0 %) xmtzo 

Mass (ESI) m/z : 890 (M+l) + 

IE (neat) : 3016,2896,1741,1503,1371,1215,1092,831,747 cm-* 
1 H-NME (CDCla), :2.23(q,J=7.8Hz,2H),2.44-2.60(m,4H),3.11(m,l 

H),3.33-3.44(m,3H),3.58-3.75(m,4H),3.66(s,3H),4.54-4.94(m, 9H), 

6.38(m,2H),6.91-7.32(m,28H) 

#t>tife<b^ti(±##^j 4 - (i), u), (k) Rvmrnms, 6, 

7, 8fcfl6oT-ttS (I) *f»S^*4»IH<*:fc**. 
#%#I7 : fb£rt) 5 0©£$ 
(4S, 3R) - 3- C(3S) - 3- (4-7j^D7i^) 
-3-tFD^J/7-Dt;i/] - 4- (4 - {[( 2 S , 5 S , 3 R , 4 
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R 3 6 R ) - 3, 4, 5-rVfcKn*$/-6- (kFo^r^r 
)i ) t h" d - 2 H — t* ? >— 2 - -f )i j ^ h^i/7D.b';i/-3- 
^Jl/}.7i-il/-l- (4-7j^D7^M 7 7 -tf^v>-2-^ 
> (<b£^5 0 ) 




7kmiti- h U 7 A 4 . 5 mgCDMF ( 1 m L) JK » i£ £ * T 2 , 
3, 4, 6-o-x h^^>v*;U- 1 - x t|- ^ v - /3 - D - 7" JV ^ £ 
7 / i/fr* $ ; -JV 6 2mg£DDMF (3mL) SIS 4 in ^.s 2 0^ 
P^ti^Lfc^. (4S, 3R) -4- [4- ( 3 -7 u^7u \Z)V) 
7 x - ;i/ ] - 3- [( 3 S ) - (4-7J^D7i^;i/) - 3- th*- 
D^^>7nt;;i/] - 2- ?^ff v>-2-^>5 7mgODMF (3 
m L) £ #0 x. ^ ij§T-2BIMfft5o £ ifo $ zK 7k (20m 
L) fc&jgfx ilxf;i/x^r^ (30mLx2) iSHJ-TSo tB M 
«tK ( 3 0 m L x 2 K fiSftft** ( 4 0 m L x 1 ) tTft§L s U 
&m®-??* *st> ACt^itJo }S&£S-feU (.5 
mL) -MeOH (5mL) SiHs 5%^5^<?A-j^5 0m 

p D : ^ * y-;u= 1 0 : 1 ) CTSIK LTfll^* 5 0 £ 4 3 

mg (iR* 6 1. 2 %) T-f#£ 0 
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Mass(ESI)m/z: 628(M+1) + 

IR(Or):3388,2902, 1734, 1509, 1389, 121§, 1080 

1 H-NMR(CD 3 OD):1.87-1.97(ni,6H),2.73(t,J=7.4Hz,2H),3.10-3.15( 

m,lH),3. 12-3.39(m,5H),3.52-3.57(m J 2H), 3.53-3.69(m.2H),3.78(dd, 
J=2.0Hz,10.7Hz,lH),3.87(dd,J=1.0Hz,10.5Hz,lH),4.64(bt 3 lH),4.85 
(d,J=2.5Hz,lH),7.00-7.09(m,4H),7.27-7.37(m.6H) 

nmm 9 

( 4 S ) - 4- (4 - {[( 2 S , 5 S , 3 R , 4R, 6 R) - 6 - 
( ^ > V * is ) * 3-)l> - 3 , 4, 5 - h »; ^ > V fr* * i/ ] <*)V 
t Y u - 2 H - >- 2 --f M 7 x - - 1 - 7 ^ - 

> - 2 (fb£t) 19-9)) 

OBn 




8 - a : (19-6) ©£r$ 

(3R) - 3- - 3- th*D^riy-N-7 

i-jl/7D;^7^ K (1 9 - 6 )) 
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3 - ( 4 - 7* n =t 7 =. - )l ) - 3- ^tV-N-7i-/^':^> 
7U* ( 9 5 0 mg) ©x^; -;u-m-fb^ f- 1/ >ig?£ (3:1,4 
m L) l:RuC12 [ ( S ) -BINAP](**dd [ ( S ) - ( 
-) 2 , 2' Is** - (y7i-;^^7^) -1, 1' - fr7f 
;v] jbr = t> A ( I I )) MM ( 1 2 m g ) £flQx_s 1 0 0g5 %EE' 

4b£t) (19-6) £ 7 2 5 m g (IR$ 7 6 %, ^38riR¥ 9 9 % e . 

e . ) T*l#& o 
m.p.=210~212°C 
[a] D : +33.0 (C=1.0, THF) 
Mass(m/z):319(M + ),183,157,135,93(BP)65 
IR(KBr) :3316, 1614, 1599, 1530, 1443, 1368, 1065,693 cm-i 
1 H-NMR(DMS0):2.69(dd,J=4.4Hz,14.2Hz,lH), 2.77(dd,J=8.8Hz,14. 

2Hz,lH), 5.16(n,lH), '5.69(d, J=4.4Hz, 1H), 7. 14(t,J=7.3Hz, 1H), 7. 

40(d,J=7.8Hz,2H), 7.46(d, J=8.3Hz,2H), 7.64(d, J=8.3Hz,2H), 7.69 

(d,J=7.8Hz,2H) 

8 - b : it&W) ( 1 9 - 7 ) 
(4'S) - 4- (4-7'D^7i-M - l- 7x-;i/-T-fe'^v 

> - 2 - ^ > Ubli^ (19-7)) 
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(1 9-6)(500mg) ®THF&r£ ( 7 m L) - 
78gttDIAD (^^vrnfATVyTJil/t^ylz-h) ( 0 . 
67mL) £: P P h 3 ( 4 7 9 m g ) ©THFSi ( 3 m L ) £?£7 

«#t5. U J/'J*W7A^D7F^7^ - ( 

^^r+r > : ltxf/H7fib= 5 : 1 -* 2 : 1) Ctilit?.J:, 
( 1 9 - 7 ) * 2 6 0 mg (ft* 5 5 . 2%) f 5. 

m.p. = 113~115 e C 

[a]» : -146.0 (C=1.0, CHCls) 

Mass(m/z):301(M + ),260,184,103,77(BP) 

IR(KBr):1728, 1599, 1485, 1377,1149, 828, 750 cm- i 

1 H-NMR(CDCl 3 ):2.91(dd,J=2.9Hz,15.1Hz,lH), 3.56(dd, J=5.4Hz,l 
5.1Hz, 1H), 4.98(dd,J=2.4Hz,5.9Hz,lH), 7. 04-7. 52(m, 9H) 

its® (19-9) O^rfig 




19-7 



OBn 



Zn (Cu) ( 1 0 6 m g ) ©THF-HMPA mm (3:1, 
4mL) tMi (19-8) (1. 0 g) fciniU 3 13 P£ All & £ »t 
T3o £J6«fc0jJE«TT»R/<7$>£A (1. 7 m g K 2- 
-tert-7fJ^X7^) t7x-;u (4. 4 m g ) ZMz. 5 
#HS!t#bfc&. (19-7)(223mg)fciD*.S.EJfc 
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S^iSsT^Sli, 1 0%IR*S«( (5 OmL), SgzfAz 
(3 OmL) $ in * T * $«9 § 3 ii T 5 0 5i*£#gx^;Ux 
(5 0mLx2) ttffci U J4fB«** (5 OmL), SSfnJtig 

7K ( 5 0 mL) Ct^l, &*8£K:*- h U ^AtT^'Itoo $*£ 

x7rJl/:A^tf>=l : 4) ttiit^ tlb&to (19-9) £ 
ife^B a H hLT 4 8 0 mg (!K$84. 3%)f#3 0 

m.p. = 95~97°C 

[a]» : -61.2 (C=1.0 5 CHCI3) 

ESI-MS(m/z):796(M+Na)+,774(M+l) + 

IR(KBr) :2854, 1749, 1599, 1497, 1452, 1371, 1212, 1068 ci-i 
^-NMRfCDCls) : 1.71-1. 75 (m,lH), 2.04-2. 10(m, 1H), 2. 63-2. 74(n, 
1H), 2.81-2.87(n,lH), 2. 94(dd, J=2.4Hz, 15 . 1Hz, 1H) , 3. 18-3. 22(m, 
1H), 3.29(t,J=13.1Hz,lH), 3.36-3.40(m,lH), 3. 53(dd, J=5. 9Hz, 1 
5.1Hz, 1H), 3.59-3.75(m,4H), 4. 55-4. 66(m, 4H) , 4. 80-4. 88(m, 4H), 
4.96-4.98(m,lH), 7. 02(t, J-6.8Hz, 1H), 7. 14-7.37(m,28H) 

*/y-MKL {tilts B X H: tt a Jd 
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(54) Title of the Invention: (3-Lactam compound, manufacturing method 
thereof, and serum cholesterol-lowering agents containing the same 



[Continued] 

(57) Abstract: 

This is a new p-lactam compound indicated by the General Formula (I) below. 
This is useful in serum cholesterol-lowering agents. 

A compound or a pharmaceutical^ permissible salt thereof indicated by 



[In the formula, Ai, A 3 , and A4 are groups indicated by hydrogen atoms, halogen, 
C1 to C 5 alkyl groups, d to C 5 alkoxy groups, -COOR1, groups indicated by the 
following formula (b): 



(In the formula, R1 is a hydrogen atom, C1 to C 5 alkyl groups.), or 
groups indicated by the following formula (a): 



[In the formula, R 2 is a -CH 2 OH group, a -CH 2 OC(0)-Ri group, or a -CO2-R1 
group; R 3 is a -OH group or-OC(0)-Ri group; R 4 is a -(CH 2 )kR5(CH 2 )i- (Here, k 
and I are 0 or integers of 1 or more, and k+l is an integer of 10 or less.); and R 5 
expresses a bond, which is a single bond (-), -CH=CH-, -OCH 2 -, a carbonyl 
group, or -CH(OH)-.] Any one of A1, A 3 , and A4 must always be a group 
indicated by the aforementioned formula (a). 

A 2 is a C1 to C 5 alkyl chain, a C1 to C 5 alkoxy chain, a Ci to C 5 alkenyl chain, a C1 
to C 5 hydroxyalkyl chain, or a C1 to C 5 carbonylalkyl chain. 

n, p, q, and r represent integers of 0, 1 , or 2.]. 
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Specification 

A B-lactam compound, manufacturing method thereof, and serum cholesterol- 
lowering agents containing the same 

Technical field 

The present invention relates to a new B-lactam compound, manufacturing 
method thereof, and serum cholesterol-lowering agents containing the same. 

Prior art 

It is well known that hypercholesterolemia is a major risk factor for 
arteriosclerosis, and there have been reports about its relationship to heart 
disease, which is currently a high ranking cause of death (for example, Lipid 
Research Clinics Program, J. Am. Med. Assoc. 1984, 251 , 351 , and 365). In 
recent years, HMG-CoA reduced enzyme inhibitors have been clinically used as 
serum cholesterol-lowering agents. Nonetheless, although HMG-CoA reduced 
enzyme inhibitors have a strong effect to reduce serum cholesterol, they appear 
to have safety problems (for example Mevacor in Physician's Desk Reference, 
49 th ED, Medical Economics Date Production Company, 1995, 1584). For this 
reason, a highly active and safer serum cholesterol-lowering agent is being 
sought. 

There have been reports of compounds among the natural saponins that have a 
serum cholesterol-lowering effect (for example, M.A. Farboodniay Jahromi et al., 
J. Nat. Prod., 1993, 56, 989., K. R. Price, The Chemistry and Biological 
Significance of Saponons in Foods and Feeding Stuffs. CRC Critical Reviews in 
Food Science and Nutrition, CRC Press, 1987, 26, 27). It has been inferred that 
these saponins lower serum cholesterol by preventing absorption of cholesterol 
in the small intestines (for example, P. A. McCarthy et al, J. Med. Chem., 1996, 
39, 1935). Moreover, there have also been reports that B-lactam compounds 
reduce serum cholesterol (for example, S. B. Rosenblum etal., J. Med. Chem., 
1998,41,973, B. Ram etal., Indian J. Chem., 1990, 29B, 1134. Merck Co. 
USP498, 3597). 

These B-lactam compounds themselves have a mild cholesterol absorption 
inhibiting effect, but exhibit an even stronger cholesterol absorption inhibiting 
effect by receiving glucuronic acid conjugates. When administered orally, most 
B-lactam compounds immediately receive glucuronic acid conjugates in the 
process of absorption from the small intestines, become O-glucuronic acid 
conjugates, pass through the liver, and are excreted into the small intestine from 
the bile duct. These B-lactam compounds-O-glucuronic acid conjugates remain 
in the epithelium of the small intestine which is the site of their action, and inhibit 
the absorption of cholesterol (for example, M. van Heek et al., Brit. J. 
Pharmacol., 2000, 129, 1748, J. Pharmacol. Exp. Ther., 1997, 238, 157). 
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Because these previously described B-lactam compounds exhibit a cholesterol 
absorption effect in the small intestines by forming glucuronic acid conjugates, 
there have been reports that compounds in which an -0- bond is formed between 
a B-lactam structure and several sugars within the same molecule also have a 
cholesterol lowering effect (for example, W. D. Vaccaro et al., Bioorg. Med. 
Chem. Lett., 1998, 8, 313). However, if administered orally, the -O-glycoside 
bonds of these compounds are easily hydrolyzed by the glycosidase present in 
the small intestines, and the cholesterol absorption inhibiting effect in the small 
intestine is expected to be weak. It is necessary to have better cholesterol 
absorption inhibitors that act only in the small intestines, are highly active, and 
that last a long time. This means that, because it is highly probably that adverse 
effects will occur if the compounds are absorbed by the small intestine, after the 
cholesterol absorption inhibiting effect has become manifest in the epithelium of 
the small intestine, the compounds should be eliminated as is to outside the body 
without absorption by the small intestine. 

Focusing on the aforementioned circumstances, the present invention has the 
purpose of offering a serum cholesterol-lowering agent having a B-lactam 
structure and a C-saponin part within the same molecule that is stable in relation 
to hydrolysis based on acids, bases, or metabolism by glycosidase; specifically, 
the purpose is to offer a hybrid molecule of B-lactam and C-saponin that is useful 
as a serum cholesterol-lowering agent. 

Disclosure of the invention 

Building upon the aforementioned prior art, the present inventors thought that, by 
making a hybrid molecule of a B-lactam compound using C-saponin, which is 
useful as a sugar derivative and is stable in relation to hydrolysis based on acids, 
bases, or metabolism by glycosidase (for example, R. J. Lindhardt et al., 
Tetrahedron, 1998, 54, 9913, D. E. Levy, The Chemistry of C-Glycosides; 
Elsevier Science; Oxford, 1995., M. H. D. Postema, C-Glycoside Synthesis. 
CRC Press; Boca Raton, 1995): (1 ) it would be possible for the compound to 
remain in the epithelium of the small intestine for a long period of time because 
the compound is stable in relation to metabolism by the glycosidase present in 
the small intestine; and (2) there would be little absorption from the epithelium of 
the small intestine, and adverse effects would be reduced. Thus, as a result of 
research on new B-lactam compounds for the purpose of a novel preparation of a 
serum cholesterol-lowering agent, the present inventors perfected the present 
invention by discovering that a new B-lactam compound indicated by the General 
Formula (I) has a superior action to lower high cholesterol. 

Specifically, the present invention is the following: 

A compound or a pharmaceutical^ permissible salt thereof indicated by General 
Formula (I) 
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[In the formula, A 1( A 3 , and A4 are groups indicated by hydrogen atoms, halogen, 
C1 to C 5 alkyl groups, d to C 5 alkoxy groups, -COOR,, groups indicated by the 
following formula (b): 



(In the formula, R1 is a hydrogen atom, C1 to C 5 alkyl groups.), or 
groups indicated by the following formula (a): 



[In the formula, R 2 is a -CH 2 OH group, a -CH 2 OC(0)-Ri group, or a -CO2-R1 
group; R 3 is a -OH group or-OC(0)-Ri group; R4 is a -(Ch 2 ) k R5(CH 2 )r (Here, k 
and I are 0 or integers of 1 or more, and k+l is an integer of 10 or less.); and R 5 
expresses a bond, which is a single bond (-), -CH=CH-, -OCH 2 -, a carbonyl 
group, or -CH(OH)-.] Any one of A1, A 3 , and A4 must always be a group 
indicated by the aforementioned formula (a). 

A 2 is a C1 to C 5 alkyl chain, a C1 to C 5 alkoxy chain, a d to C 5 alkenyl chain, a C1 
to C 5 hydroxyalkyl chain, or a C1 to C 5 carbonylalkyl chain. 

n, p, q, and r represent integers of 0, 1 , or 2.]. 

In addition, the present invention is a manufacturing method of the compound 
indicated by General Formula (I) or pharmaceutical^ permissible salts thereof. 
Moreover, the present invention is a serum cholesterol-lowering agent containing 
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the compound indicated by General Formula (I) or pharmaceutical permissible 
salts thereof as the active ingredient. Further, the present invention is a serum 
cholesterol-lowering agent that concomitantly uses the compound indicated by 
General Formula (I) and B-lactamase inhibitor. 

Optimum form for embodying the invention 

For the pharmaceutical^ permissible salts of the compound indicated by the 
General Formula (I) of the present invention, sodium salts, and calcium salts, etc 
may be cited as inorganic base salts, and succinic acid, maleic acid, tosylic acid, 
and tartaric acid, etc may be cited as organic acid salts. The compounds of the 
General Formula (I) may be orally administered as is, or may be made into 
powder, granule, tablet, or capsule preparations using well-known preparation 
technology. In addition, non-oral administration is also possible in the form of 
administration into the rectum, suppositories and injections. The dosage will vary 
depending on the symptoms, age, body weight, etc of the patient, but a serum 
cholesterol-lowering effect may be expected, for example, by administering an 
adult 0.01 to 1000 mg per day divided into one to several administrations. 
Moreover, it appears that the serum cholesterol-lowering action is enhanced by 
concomitant use of the compound indicated by the General Formula (I) with B- 
lactamase inhibitor. (3-lactamase inhibitors are drugs that prevent the 
decomposition of the B-lactam ring by bacteria, and clavulanic acid, etc may be 
used. 

Examples of the compound of the present invention are indicated below, but the 
present invention is not limited to these. The following compounds may be cited 
as specific compounds included in the present invention. 

(1 ) (4S*. 3R*)-4-{4-[(2S, 5S, 3R, 4R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]phenyl}-1-(4-fluorophenyl)-3-[3-(4- 

fluorophenyl)propyl]azetidine-2-on 

(2) (4S*. 3R*)-4-(4-{[5S, 2S, 3R, 4R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl)-1-(4-fluorophenyl)-3-[3- 
(4-fluorophenyl)propyl]azetidine-2-on 

(3) (3S, 2R, 4R, 5R, 6R)-2-[(4-{(4S*. 3R*)-1 -(4-fluorophenyl)-3-[3-(4- 
fluorophenyl)propyl]-2-oxoazetidine-4-yl}phenyl)methyl]-4,5-diacetyloxy-6- 
(acetyloxymethyl)perhydro-2H-pyran-3-yl acetate 

(4) (4S*. 3R*H-(4-{[5S, 2R, 3R, 4R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl)-1-(4-chlorophenyl)-3-[3- 
(4-fluorophenyl)propyl]azetidine-2-on 
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(5) (4S*. 3R*H-{4-[(5S, 2R, 3R, 4R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl)-1-(4-methoxyphenyl)-3- 
[3-(4-fluorophenyl)propyl]azetidine-2-on 

(6) (3S, 2R, 4R, 5R, 6R)-2-[(4-{(4S*. 3R*)-1 -(4-methoxyphenyl)-3-[3-(4- 
fluorophenyl)propyl]-2-oxoazetidine-4-yl}phenyl)methyl]-4,5-diacetyloxy-6- 
(acetyloxymethyl)perhydro-2H-pyran-3-yl acetate 

(7) (4S*. 3R*>-4-(4-{[5S, 2R, 3R, 4R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl)-1-(4-methylphenyl)-3-[3- 

(4-fluorophenyl)propyl]azetidine-2-on 

(8) (3S, 2R, 4R, 5R, 6R)-2-[(4-{(4S*. 3R*)-1 -(4-methylphenyl)-3-[3-(4- 
fluorophenyl)propyl]-2-oxoazetidine-4-yl}phenyl)methyl]-4,5-diacetyloxy-6- 
(acety!oxymethyl)perhydro-2H-pyran-3-yl acetate 

(9) (4S*, 3R*>-4-(4-{[5S, 2R, 3R, 4R, 6R)-3,4,5-trihydroxy-6- 

(hyd roxymethyl )perhyd ro-2 H-pyra n-2-yl] methyl}ph enyl )- 1 -phenyl-3-[3-(4- 
fluorophenyl)propyl]azetidine-2-on 

(10) (3S, 2R, 4R, 5R, 6R)-2-[(4-{(4S*. 3R*)-1 -phenyl-3-[3-(4- 
fluorophenyl)propyl]-2-oxoazetidine-4-yl}phenyl)methyl]-4,5-diacetyloxy-6- 
(acetyloxymethyl)perhydro-2H-pyran-3-yl acetate 

(1 1 ) (4S*. 3R*H-(4-{[5S, 2R, 3R, 4R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl)-1-(4-fluorophenyl)-3-[3- 
(phenyl)propyl]azetidine-2-on 

(12) (4S*. 3R*)-4-(4-{[4S, 5S, 2R, 3R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl)-1-(4-fluorophenyl)-3-[2- 
(4-fluorophenoxy)ethyl]azetidine-2-on 

(1 3) (3S, 2R, 4R, 5R, 6R)-2-[(4-{(4S*. 3R*)-1 -(4-fluorophenyl)-3-[2-(4- 
fluorophenoxy)ethyl]-2-oxoazetidine-4-yl}phenyl)methyl]-4,5-diacetyloxy-6- 
(acetyloxymethyl)perhydro-2H-pyran-3-yl acetate 

(14) (4S*, 3R*>-4-(4-{[4S, 5S, 2R, 3R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl)-1-(4-fluorophenyl)-3-[3- 
(4-fluorophenyl)propyl]-azetidine-2-on 

(1 5) (4S*, 3R*H-(4-{[4S, 5S, 2R, 3R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methoxy}phenyl)-1-(4-fluorophenyl)-3-[2- 
(4-fluorophenoxy)ethyl]azetidine-2-on 
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(1 6) (4S*. 3R*H-(4-{[4S, 5S, 2R, 3R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl-1-phenylmethyl-3-[3-(4- 

fluorophenyl)propyl]-azetidine-2-on 

(17) (2S, 3S, 4R, 5R, 6R)-6-[4-{(4S*. 3R*)-1-(4-fluorophenyl)-3-[3-(4- 
fluorophenyl)propyl]-2-oxoazetidine-4-yl}phenylmethyl]-3,4,5-trihydroxyperhydro- 

2H-pyran-2-carbonic acid 

(1 8) 2-{4-[(4S*. 3R*)-4-{[(5S, 2R, 3R, 4R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl-3-[3-(4- 
fluorophenyl)propyl]-2-oxoazetidinyl]phenoxy}-2-methylpropionic acid ethyl ester 

(1 9) 2-{4-[(4S*, 3R*)-4-{[(5S, 2R, 3R, 4R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl-3-[3-(4- 
fluorophenyl)propyl]-2-oxoazetidinyl]phenoxy}-2-methylpropionic acid 

(20) 2-{4-[(4S*, 3R*)-4-{[(5S, 2R, 3R, 4R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl-3-[3-(4- 
methylphenyl)propyl]-2-oxoazetidinyl]phenoxy}-2-methylpropionic acid ethyl ester 

(21 ) 2-{4-[(4S*, 3R*)-4-{[(5S, 2R, 3R, 4R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl-3-[3-(4- 
methylphenyl)propyl]-2-oxoazetidinyl]phenoxy}-2-methylpropionic acid 

(22) (4S, 3R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl-4-(4-{[(2S, 5S, 3R, 
4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2- 
yl]methyl}phenyl)-1-(4-fluorophenyl)azetidine-2-on 

(23) (4S, 3R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-{[(2S, 5S, 3R, 
4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2- 
yl]methyl}phenyl)-1-phenylazetidine-2-on 

(24) (4S, 3R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-{[(2S, 5S, 3R, 
4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2- 
yl]methyl}phenyl)-1-(4-methylphenyl)azetidine-2-on 

(25) (4S, 3R)-4-(4-{[(5S, 2R, 3R, 4R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl)-1-(4-fluorophenyl)-3-[3- 

(4-fluorophenyl)propyl]azetidine-2-on 

(26) (4S, 3R)-4-(4-{[(2S, 5S, 3R, 4R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl)-1-(4-fluorophenyl)-3-[3- 
(4-fluorophenyl)-3-oxopropyl]azetidine-2-on 
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(27) (4S, 3R)-4-(4-{[(2S, 5S, 3R, 4R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl)-1-phenyl-3-[3-(4- 

fluorophenyl)-3-oxopropyl]azetidine-2-on 

(28) (4S, 3R)-4-(4-{[(2S, 5S, 3R, 4R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl)-1-(4-methylphenyl)-3-[3- 

(4-fluorophenyl)-3-oxopropyl]azetidine-2-on 

(29) 4-[(4S, 3R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-{[(2S, 5S, 3R, 
4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2- 
yl]methyl}phenyl)-2-oxoazetidinyl]benzoic acid 

(30) 4-[(4S, 3R)- 4-(4-{[(2S, 5S, 3R, 4R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl)-3-[-3-(4-fluorophenyl)-3- 

hyd roxypropyl]-2-oxoazetidinyl]benzoic acid 

(31 ) 4-[(4S, 3R)- 4-(4-{[(2S, 5S, 3R, 4R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl)-3-[-3-(4- 
fluorophenyl)propyl]-2-oxoazetidinyl]benzoic acid 

(32) 3-[(2E)-3-(4-fluorophenyl)-2-propenyl] (4S, 3R)-4-(4-{[(2S, 5S, 3R, 4R, 
6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl)-1- 

(4-fluorophenyl)azetidine-2-on 

(33) (4S, 3R)-4-{4-[(2S, 5S, 3R, 4R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]phenyl}-1-(4-fluorophenyl)-3-[3-(4- 

fluorophenyl)propyl]azetidine-2-on 

(34) (4S, 3R)-4-{4-[(2S, 5S, 3R, 4R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]phenyl}-1-(4-fluorophenyl)-3-[3-(4- 

fluorophenyl)-3-oxopropyl]azetidine-2-on 

(35) (4S, 3R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-{4-[(2S, 5S, 3R, 
4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2-yl]phenyl}-1-(4- 
fluorophenyl)azetidine-2-on 

(36) (4S, 3R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-{4-[(2S, 5S, 3R, 
4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2-yl]phenyl}-1-(4- 
methylphenyl)azetidine-2-on 

(37) (3R, 4R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-[(2S, 5S, 3R, 4R, 
6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2-yl]-1- 
phenylazetidine-2-on 
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(38) (4S, 3R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-1-(4- {[(2S, 5S, 3R, 
4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2- 
yl]methyl}phenyl)-4-(4-fluorophenyl)azetidine-2-on 

(39) (4S, 3R)-3-[(3S)-3-(4-{[(2S, 5S, 3R, 4R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl)-3-hydroxypropyl]-1- 
phenyl-4-(4-fluorophenyl)azetidine-2-on 

(40) (3R*. 4R*)-4-(4-{[5S, 2R, 3R, 4R, 6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl-3-[3-(4- 
fluorophenyl)propyl] -1 -(4-fluorophenyl)azetidine-2-on 

(41 ) 3-((3S)-3-hydroxy-3-phenylpropyl)(4S, 3R)-4-(4-{((5S,3R,4R,6R)-3,4,5- 
trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl)-1- 
phenylazetidine-2-on 

(42) 4-[3-(3S)-3-(4-fluorophenyl)-3-hydroxypropyl](4S, 3R)-4-(4-{(2S, 5S, 3R, 
4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2- 
yl]methyl}phenyl)-2-oxoazetidinyl]benzoic acid ethyl ester 

(43) 4-(4-{(5S, 2R, 3R, 4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro- 
2H-pyran-2-yl]methyl}phenyl)(4S, 3R)-1-(4-methylphenyl)-3-[3-(4- 
fluorophenoxy)ethyl]-azetidine-2-on 

(44) 3-(3-phenylpropyl)(4S,3R)-4-(4-{(5S,3R,4R,6R)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]methyl}phenyl-1-phenylazetidine-2-on 

(45) (4S, 3R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-{[(2S, 5S, 3R, 
4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2- 
yl]ethene}phenyl-1-(4-fluorophenyl)azetidine-2-on 

(46) (4S, 3R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-{[(2S, 5S, 3R, 
4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2-yl]ethyl}phenyl- 
1 -(4-fluorophenyl)azetidine-2-on 

(47) (4S, 3R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-{[(2S, 5S, 3R, 
4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2-yl]-1-propene-3- 
yl}phenyl-1-(4-fluorophenyl)azetidine-2-on 

(48) (4S, 3R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-{[(2S, 5S, 3R, 
4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2-yl]propyl}phenyl- 
1 -(4-fluorophenyl)azetidine-2-on 

(49) 3-((3S)-{4-[(2S, 5S, 3R, 4R, 6R-)-3,4,5-trihydroxy-6- 
(hydroxymethyl)perhydro-2H-pyran-2-yl]phenyl}-3-hydroxypropyl)(4S, 3R)-1,4- 
bis(4-fluorophenyl)azetidine-2-on 
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(50) (4S, 3R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-{[(2S, 5S, 3R, 
4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2- 
yl]methoxypropyl-3-yl}phenyl-1-(4-fluorophenyl)azetidine-2-on 

(51) (4S, 3R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-{[(2S, 5S, 3R, 
4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2-yl]methoxy-2- 
pro'pene-3-yl}phenyl-1-(4-fluorophenyl)azetidine-2-on 

(52) (4S, 3R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-{[(2S, 5S, 3R, 
4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2-yl]-1-butene-4- 
yl}phenyl-1-(4-fluorophenyl)azetidine-2-on 

(53) (4S, 3R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-{[(2S, 5S, 3R, 
4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2-yl]butyl}phenyl- 

1-(4-fluorophenyl)azetidine-2-on 

(54) (4S, 3R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-{[(2S, 5S, 3R, 
4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2-yl]-1-butene-5- 
yl}phenyl-1-(4-fluorophenyl)azetidine-2-on 

(55) (4S, 3R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-{[(2S, 5S, 3R, 
4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2- 
yl]penthyl}phenyl-1-(4-fluorophenyl)azetidine-2-on 

(56) (4S, 3R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-{[(2S, 5S, 3R, 
4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2-yl]ethyl-2- 
yl}phenyl-1-(phenyl)azetidine-2-on 

(57) (4S, 3R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-{[(2S, 5S, 3R, 
4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2-yl]ethyl-2- 
yl}phenyl-1-(4-methylphenyl)azetidine-2-on 

(58) (4S, 3R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-{[(2S, 5S, 3R. 
4R, 6R)-3,4,5-trihydroxy-6-(carboxy)perhydro-2H-pyran-2-yl]ethyl-2-yl}phenyl-1- 
(phenyl)azetidine-2-on 

Examples of the structural formulae of compounds of the present invention are 
indicated below in Tables 1 to 12. Further, for compounds which have specific 
rotation listed, either the compound was synthesized as an optically active 
substance, or the specific rotation was measured by optical resolution. 



13 



Table 1 



1. Compound No. 

2. Structural Formula 



Table 2 



1. Compound No. 

2. Structural Formula 



Table 3 



1. Compound No. 

2. Structural Formula 



Table 4 



1. Compound No. 

2. Structural Formula 



Table 5 



1. Compound No. 

2. Structural Formula 



Table 6 



1. Compound No. 

2. Structural Formula 



Table 7 



1. Compound No. 

2. Structural Formula 



Table 8 



1 . Compound No. 

2. Structural Formula 



Table 9 



1. Compound No. 

2. Structural Formula 



Table 10 



1 . Compound No. 

2. Structural Formula 



Table 1 1 



1. Compound No. 

2. Structural Formula 



Table 12 



1. Compound No. 

2. Structural Formula 
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Examples of manufacturing the compounds indicated by General Formula (I) of 
the present invention are cited below. 

Manufacturing Example 1 

(1 ) Example of manufacturing a compound in which R 4 in the General 
Formula (I) is -CH 2 -. 

(a) Using a departure source material of the Compound (1-2) obtained by 
allowing a Tebbe reactant (for example, T. V. Rajanbabu et al., J. Org. Chem., 
1986, 51, 5458) to act on tetrabenzyl glucuronolacton (1-1), a Suzuki coupling 
reaction (for example, C. R. Johnson et al., Synlett, 1997, 1406) is conducted 
with the Compound (1-3), and then the compound indicated by the Compound 
(1-4) is obtained by a desilylation reaction. 



[Key] 

1 . Tebbe reactant 

2. 9-BBN(9-borabicyclo[3,3,1]nonane 

3. TBAF=n-tetrabutylamoniumfloride 



(b) The compound indicated by the aldehyde Compound (1-5) is obtained by 
oxidizing the hydroxy group of the Compound (1-4). 



(c) The compound indicated by the imine Compound (1-7) is obtained by 
allowing the aldehyde Compound (1-5) and the amine Compound (1-6) to 
condense in the presence of molecular sieves and tosylic acid (TsOH). 
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[Key] 

1 . Molecular sieves 



The Compound (1-8) is added to the imine Compound (1-7), and a (Mactam 
substance is obtained by conducting thermal reflux in the presence of a base and 
allowing a Staudinger reaction. Further, if using nBu 3 N as the base in this 
reaction, a trans-B-lactam substance is obtained and if using LDA (lithium 
diisopropyl amide) a cis-(3-lactam substance is obtained. 

Moreover, by adding an asymmetric ligand, etc into the system, it is possible to 
obtain asymmetric (3-lactam (for example, Hafez, A. M. et al., Org. Lett., 2000, 
2(25), 3963-3965). 

Continuing, a debenzylation reaction is conducted by a catalytic reduction, and 
the compound indicated by the Compound (1-9) is obtained. 
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[Key] 

1. 1) Base, thermal reflux 

(d) The Compound (1 -1 0) is obtained by acetylation of the Compound (1 -9). 



[Key] 

1 . Acetylation reaction 

(2) Example of manufacturing a compound in which R4 in the General 
Formula (I) is -CH 2 -. 

The Compound (1-13) is obtained by allowing a Grignard reagent (1-12) to react 
on the Compound (1-11) (for example, M. F. Wong et at., J. Carbohydr. Chem., 
1996, 15(6), 763, C. D. Hurd et al., J. Am. Chem. Soc, 1945, 67, 1972, H. Togo 
et al., Synthesis, 1998, 409). Or, the Compound (1-13) is obtained by a catalytic 
reaction after allowing the Grignard reagent (1-12) to react with the Compound 
(1-1) in the same way, or after making into an olefin either by using 
triethylsilylhydride to remove the hydroxide group produced, or by processing 
with a tosyl group or a base as a free group, such as halogen, etc. After using 
the Grignard reagent to allow Mg to act on the Compound (1-13), the Compound 
(1-14) is obtained when allowing DMF (dimethylformaldehyde) to react, or the 
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Compound (1-15) is obtained when allowing dry ice (C0 2 ) to act after the Mg has 
been allowed to react. 



The compounds (1-14) and (1-15) are synthesis intermediates form which the 
General Formula (I) is obtained by following Manufacturing Example 1-(1)-(c) and 
(d). 

Manufacturing Example 2 

(1 ) Example of manufacturing a compound in which R4 in the General 
Formula (I) is a single bond. 

After allowing the Compound (2-1) to react with tetrabenzylglucuronolacton (1-1) 
Et 3 SiH, and BF3«Et 2 0 are allowed to act, and the compound indicated by the 
Compound (2-2) is obtained. (For example, J. M. Lancelin et al., Tetrahedron 
Lett., 1983, 24, 4833). The Compound (2-2) is a synthesis intermediate from 
which the General Formula (1 ) is obtained by following Manufacturing Example 
1-(1)-(b),(c),and(d). 



(2) Example of manufacturing a compound in which R 4 in the General 
Formula (I) is a single bond. 



A Grignard reagent (2-3) is allowed to react with the Compound (1-1 1 ), to make a 
well-known Compound (2-4) (for example, F. Marquez et al., An. Quim., Ser. C, 
1983, 79(3), 428). 



(Here, X is the same as previously described.) 

The methyl group of the Compound (2-4) is converted to aldehyde to become the 
Compound (1-14) (for example, P. S. Portoghese et al., J. Med. Chem., 2000, 
43, 2489). 



The Compound (2-2) is obtained when using NaBH 4 to reduce the Compound (1- 
14) 



Manufacturing Example 3 

(1 ) An example of manufacturing a compound in which R4 in the General 
Formula (l)is-OCH 2 -. 

(a) A Mitsunobu reaction is conducted between the Compound (3-1 ) and the 
Compound (3-2) obtained by well-known methods (for example, D. Zhai et al., J. 
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Am. Chem. Soc, 1988, 110, 2501., P. Allevi et al., J. Carbohydr. Chem., 1993, 
12(2), 209), and the compound indicated by the Compound (3-3) is obtained. 



[Key] 

1 . Mitsunobu reaction 

(b) Using LiAIH 4 with Compound (3-3), the methyl ester is reduced to alcohol, 
and the compound indicated by the Compound (3-4) is obtained. 



The Compound (3-4) is a synthesis intermediate from which the General Formula 
(I) is obtained by following the Manufacturing Example 1-(1)-(b), (c), and (d). 

Manufacturing Example 4 

Manufacturing Example of a compound in which any of A 1t A 3 , or A4 in the 
General Formula (I) is the following formula (b): 



2-bromoisobutyric acid alkyl ester (4-2) is allowed to react on the Compound (4- 
1) in the presence of potassium carbonate, and the compound indicated by the 
Compound (4-3) is obtained by then conducting a catalytic reaction, or then using 
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lithium hydroxide to hydrolyze the ester part. The General Formula (I) is 
obtained by de-protection of the Compound (4-3). 



[Key] 

1 . Or, then 

2. (Here, R=OH) 

3. De-protection 

4. General Formula (I) 

Manufacturing Example 5 

Example of manufacturing a compound in which R 2 in the General Formula (I) is 
-C0 2 H. 

The Compound (5-2) when oxidizing the Compound (5-1) using TEMPO (2,2,6,6- 
tetramethyl-1-piperidenyloxy, free radical). 



Manufacturing Example 6 

The Compound (6-3) was made by thioglycosylation of the compounds (6-1 ) and 
(6-2). After oxidizing the Compound (6-3) into a sulfone, a Ramberg-Backlund 
reaction (for example, P. S. Belica et al., Tetrahedron Lett., 1998, 39, 8225, and 
F. K. Griffin et al., Tetrahedron Lett., 1998, 39, 8179) was conducted to make the 
Compound (6-4). After conducting a catalytic reaction on the Compound (6-4), 
TBAF was allowed to act on this to make the Compound (1-4). The Compound 
(1-4) is the synthesis material to obtain the General Formula (I) following the 
Manufacturing Example 1 . 
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Manufacturing Example 7 

Example of manufacturing a compound in which R 3 in the General Formula (I) is 
-OH, -OC(0)Ri. 

If conducting a glycosylation of the Compound (1-11) and the Compound (7-1 ) in 
the presence of a Lewis acid (for example, BF 3 «Et 2 0, SnCI 4 , AgOTf-Cp 2 HfCI 2 , 
etc), after O-glycosylation, the reaction progresses to C-glycosylation, and the 
Compound (7-3) is obtained (for example, R. R. Schmidt et al., Synthesis, 1993, 
325). The Compound (7-3) can be converted to the Compound (7-4) by further 
esterization of the phenolic hydroxide group part. The compounds (7-3) and (7- 
4) are synthesis source materials for obtaining the General Formula (I) by 
following the Manufacturing Examples 1 and 3. 



[Key] 

1 . Lewis acid 

2. Base 
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(Here, X is the same as previously described. Z represents a free group such as 
halogen, -OC(0)CF 3l -0-C(=NH)CCI 3 , etc.) 

(2) Example of manufacturing a compound in which R 3 of the General 
Formula (I) is -OH, -OC(0)Ri. 

The Compound (7-7) is made by de-protecting the Compound (7-6) obtained in 
the same way as in Manufacturing Example 7-(1) described above. After one of 
the hydroxide groups of the Compound (7-7) is made into a Tf group, the 
Compound (7-3) is obtained by allowing carburation in the presence of carbon 
monoxide (for example R. E. Dolle et al., Chem. Commun., 1987, 904). The 
Compound (7-3) is a synthesis raw material used to obtain the General Formula 
(I) by following the Manufacturing Examples 1 and 3. 



[Key] 

1 . Lewis acid 

2. De-protection 

3. Base 

Moreover, there is also a method of using the Compound (7-1 1 ). After 
conducting coupling in the same way as in the Compound (1-11), the Compound 
(7-3) is made by conducting a haloform reaction of the acetyl group (Ac) (for 
example, S. Kajigaeshi et al., Synthesis, 1985, 674). 
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[Key] 

1 . Lewis acid 



(3) Example of manufacturing a compound in which R 3 in the General 
Formula (I) is -OH, -OC(0)Rl 

The Compound (7-10) is obtained by allowing an aryl C-glycosylation reaction in 
relation to the Compound (7-9) as indicated in the Manufacturing Example 7-(1). 
The Compound (7-10) is a synthesis source material from which the General 
Formula (I) is obtained by following the Manufacturing Example 8. 



[Key] 

1 . Lewis acid 

(Here Z is the same as previously described.) 
Manufacturing Example 8 

Manufacturing method (I) as an optically active substance 

(a) The Compound (8-2) is made by using a benzyl group to de-protect the 
hydroxide group of D-p-hydroxyphenylglycine (8-1 ) following the method of E. 
Wunsch et al. (Chem. Ber., 1 985, 91 , 543). 
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The Compound (8-3) is made by conducting a Boc reaction of the amino group in 
the Compound (8-2). 



After making the Compound (8-4) by carborating the carbonic acid part of the 
Compound (8-3) following the W. W. Ogilvie et al. method (Bioorg. Med. Chem., 
1999, 7, 1521), the Compound (8-5) is made by removing the Boc. 



B-lactam (8-6) is made by cyclization of the Compound (8-5) obtained in this way 
into B-lactam following the W. W. Ogilvie et al. method (Bioorg. Med. Chem., 
1999,7,1521). 
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Moreover, the Compound (8-5) can be obtained as an optically active substance 
in the following manner. Specifically, the Compound (8-9) is made by allowing 
an optically active amino derivative (8-8) to react with the Compound (8-7) in the 
presence of an acid catalyst. The Compound (8-11) is made by a direct catalytic 
reaction of the Compound (8-9). The Compound (8-1 1 ) may also be made by 
first reducing the olefin part (for example, NaHB(OAc), NaBH4, etc), and then 
allowing a strong acid (for example, HC0 2 H, Et 3 SiH, etc) to react (for example, 
C. Cimarell et al., J. Org. Chem., 1996, 61, 5557). The Compound (8-5) is made 
by allowing BnOH to act on the Compound (8-11) under acidic conditions, and by 
allowing an ester exchange reaction. The Compound (8-6) can be made from 
the Compound (8-5) with the same method as in the previous process. 



[Key] 

1 . Acid catalyst 

2. Reduction of olefin part 

3. Strong acid or catalytic reaction 

4. Catalytic reaction 

5. Ester exchange reaction 

6. (BnOH, acidic condition) 
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After allowing an N-alkylation reaction of the B-lactam Compound (8-6) following 
the method of Dominic M.T. Chan, et al. (Tetrahedron Lett., 1998, 39, 2933), the 
Compound (8-12) is made by de-benzylation based on a catalytic reaction. 



The Compound (8-13) is made by allowing a Suzuki reaction of the glucose 
derivative (1-2) with the Compound (8-12) following the method of C. R. Johnson 
etal. (Synlett, 1997, 1406). 



After allowing LDA to act on the Compound (8-13), the Compound (8-14) is made 
by allowing methyl acrylate to act on this, and conducting a C-alkylation reaction. 



After making the ester part of the Compound (8-14) an acid chloride, the 
Compound (8-16) is made following the method of E. Negishi et al. (Tetrahedron 
Lett., 1983,24, 5181). 
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After making the Compound (8-17) by de-benzylation of the Compound (8-16), 
the Compound (8-19) is made by an asymmetric reaction of the ketone part of 
the Compound (8-17) following the method of E.J. Corey et al. (J. Am. Chem. 
Soc, 1987, 109, 7925). 



(b) After allowing LDA to act on the Compound (8-1 3), the Compound (8-20) 
is allowed to act on this to make the Compound (8-21 ). The Compound (8-22) is 
made by a catalytic reaction of the Compound (8-21 ). 
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Further, Ai in the General Formula (I) is a compound of the following formula (a): 



and, for example, the Compound (39) can be synthesized using the following 
formula (8-23): 



to react with the Compound (8-15) following the Manufacturing Example 8. 
Moreover, A4 in the General Formula (I) is a compound of the following formula 
(a): 
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and, for example, the compound 38 can be synthesized using the following 
formula (8-24): 



to react with the Compound (8-12) following the Manufacturing Example 8. 
Moreover, the Compound (8-25) of the following formula: 



can be obtained by conducting optical division based on enzymes (S. J. 
Faulconbridge et al.. Tetrahedron Lett., 2000, 41 , 2679). The Compound (8-25) 
is a source material of the General Formula (I) using the same method as 
described above based on the Suzuki coupling reaction. 

Manufacturing Example 9 

Manufacturing Example as an optically active substance (II) 

The compound indicated by the Compound (9-3) is obtained by using the method 
of K. Tomioka et al. (J. Chem. Soc. Chem. Commom, 1999, 715) to condense 
the Compound (9-1) and the Compound (9-2). The General Formula (I) is 
obtained by de-protecting the Compound (9-3). Or, it is possible to obtain the 
Compound (9-3) via silylenol ether instead of the Compound (9-1 ), and attaching 
to the Compound (9-2) using a Lewis acid. 
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[Key] 

1 . De-protection 

2. General Formula (I) 



Manufacturing Example 10 

Example of manufacturing as an optically active substance (III) 

The compound indicated by the Compound (9-3) is obtained by condensing the 
compounds (10-1 ) and (9-2) using the method of E.J. Corey et al. (Tetrahedron 
Lett., 1991 , 32, 5287). The General Formula (I) is obtained by de-protecting the 
Compound (9-3) 
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[Key] 

1 . De-protection 

2. General Formula (I) 



Manufacturing Example 1 1 

Example of manufacturing as an optically active substance (IV) 

The Compound (11-3) is made by forming an amide bond between (R)-(+)-2,10- 
camphor sultam (11-1) and the acid chloride Compound (11-2). The Compound 
(11-5) is made by using a Lewis acid such as TiCI 4 , BF 3 OEt2, etc to conduct an 
addition reaction of the Compound (11-3) to the imide Compound (11-4). The p- 
lactam Compound (11-6) is obtained by allowing BSA to react with the 
Compound (11-5), and then allowing TBAF (n-tetrabutyl ammonium fluoride) to 
act. 
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The Compound (8-15) can be obtained from the Compound (1 1-6) using the 
same method as in Manufacturing Example 8. 



(11-6) is a synthesis source material to obtain the General Formula (I) following 
the Manufacturing Example 8. Moreover, when using the Compound (11-7) 
instead of the Compound (11-4), the Compound (11-8) is obtained corresponding 
to the Compound (1 1-6) by using the same methods. 
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The Compound (11-9) can be obtained using the same method as in the 
Manufacturing Example 7 in relation to the Compound (11-8) 



[Key] 

1 . Lewis acid 

The Compound (11-9) thus obtained is a synthesis source material to obtain the 
General Formula (I) following the Manufacturing Example 8. 

Manufacturing Example 12 

Using the Compound (12-1 ) obtained by following the method of the cited 
literature (Masataka Yokoyama et al., Synthesis, 1998, 409) in relation to the 
Compound (11-6), the Compound (12-2) is obtained by conducting a Heck 
reaction (for example, R. F. Heck et al., J. Am. Chem. Soc, 1968, 90, 5518). 
The Compound (12-2) is a synthesis source material to obtain General Formula 
(I) following the Manufacturing Example 8. 
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Moreover, the Compound (12-3) is obtained by conducting a catalytic reaction of 
the Compound (12-2). The Compound (12-3) thus obtained is a synthesis 
source material to obtain General Formula (I) following the Manufacturing 
Example 8. 



Manufacturing Example 13 

The Compound (13-2) is obtained by using the Compound (13-1) (R 6 is -Me, -Br, 
-CH 2 OTBS), and conducting C-glycosylation (for example, K. C, Nicolaou et al., 
J. Chem. Soc. Chem. Comm., 1984, 1153) on the Compound (1-1 1) in the 
presence of a Lewis acid (BF 3 *OEt 2 , ZnCI 2 , AgOTf, etc). After converting the R 6 
of the Compound (13-2) to aldehyde in the same way as in Manufacturing 
Example 1-(1)-(6), Manufacturing Example 1-(2), or Manufacturing Example 2- 
(2), this becomes a synthesis source material to obtain the General Formula (I) 
following the Manufacturing Example 1 . 
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[Key] 

1 . Lewis Acid 



Manufacturing Example 14 

After conducting a coupling reaction such as a Suzuki coupling reaction or a 
Grignard reaction between the Compound (14-1) and Compound (14-2) (Angew. 
Chem. Int. Ed., 2000, 441 5), or after conducting alkylation in the presence of a 
base, the Compound (14-3) is obtained by de-protection. 



[Key] 

1. (1) Coupling 

2. (2) De-protection 

Manufacturing Example 15 

After using an organic metal reagent (Grignard reagent, organic zinc reagent, 
etc) to convert the Compound (15-2) obtained by reducing and halogenating the 
Compound (15-1) synthesized following the method of Dheilly L. (Carbohydr. 
Res., 1992, 224, 301 ), the Compound (15-4) is obtained by coupling with the 
Compound (15-3) in the presence of a catalyst such as palladium, or nickel 
complex, and then by conducting a cyclization reaction. 
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[Key] 

1.1) Reduction 

2. 2) Halogenation 

3. Cyclization 

Manufacturing Example 16 

It is possible to obtain the Compound (16-1) by using a Heck reaction to couple 
the Compound (12-1) and the Compound (15-3) in the same way as in the 
Manufacturing Example 12. It is possible to convert the Compound (16-1 ) to the 
General Formula (I) following the Manufacturing Example 17. 



Manufacturing Example 17 

Lithium hydroxide, etc is used to remove the camphor sultam in the Compound 
(17-1) making the Compound (17-2) (the camphor sultam can be recovered and 
reused). Then, the General Formula (I) is obtained either by allowing this 
Compound (17-2) to react in a non-solvent such as phosphorus oxychloride, or in 
a solvent such as methylene chloride or dichloroethane, or by allowing the 
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Compound (17-2) to react in a solvent such as methylene chloride or DMF with a 
reducing agent such as DCC (1,3-dicyclohexylcarbodiimide), or DEPC 
(diethylphosphorylcyanide) in the presence of a base. Moreover, the General 
Formula (I) can be obtained through cyclization by processing in a base such as 
a sodium hydroxide aqueous solution either after allowing the Compound (17-2) 
to react with (PyS) 2 or to a delayed luminescence reagent such as DEAD 
(diethylazodicarboxylate) or DIAD (diisopropylazodicarboxylate) in the presence 
of Bu 3 P or Ph 3 P, or after allowing to react with 2,6-dichlorobenzoyl chloride, or 
2,4,6-trichlorobenzoyl chloride in the presence of a base such as NaH. 



[Key] 

1 . Cyclization 

2. General Formula (I) 

Or, after esterifying the Compound (17-2) to make the Compound (17-3), the 
General Formula (I) is obtained either by allowing the Compound (17-3) to react 
with a base such as LDA, LiHMDS (lithium bis(trimethylsilyl)amide)), NaHMDS 
(sodium bis(trimethylsilyl)amide)), NaH, or t-BuOK in a solvent such as THF; or 
by allowing a Grignard reagent such as EtMgBr, or t-BuMgBr to act on the 
Compound (17-3). The General Formula (I) can also be obtained by conducting 
the same reaction on the Compound (17-1). 
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[Key] 

1 .Esterification 

2. Cyclization 

3. General Formula (I) 

4. (R 7 expresses Me, Et.) 



Manufacturing Example 18 

After making the Compound (18-2) either by conducting an oxide reaction of the 
Compound (18-1) using selenium dioxide, etc, or by using an oxidation method 
such as Pd(OAc) 2 -benzoquinone-perchloric acid on the Compound (18-4), the 
Compound (18-3) is obtained by conducting an asymmetric reduction of the 
ketone part in the same way as in the Manufacturing Example 8. Moreover, the 
Compound (18-3) can be obtained by conducting hydroboration on the 
Compound (18-4), and a stereo selective reaction can be conducted using an 
asymmetric borane reducing agent, etc. 
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[Key] 

1 . Oxidation 

2. Asymmetric reduction 

3. Oxidation 



Manufacturing Example 19 

The Compound (19-2) is obtained by the asymmetric reduction of the Compound 
(19-1) (for example, a method using a transition metallic complex: R. Noyori et 
al., J. Am. Chem. Soc, 1987, 109, 5856). The Compound (19-3) is made either 
by converting the hydroxide group of the Compound (19-2) to a free group and 
then conducting a cyclization reaction, or by allowing a direct delayed 
luminescence reaction of the hydroxide group. The Compound (19-4) is obtained 
by conducting a Heck reaction on the Compound (19-3) with the Compound (12- 
1), and then conducting a catalytic reaction on the double bond produced. Or, 
the Compound (19-4) is obtained by conducting a Negishi reaction with the 
Compound (19-5) (for example, T. Hayashi et al., J. Am. Chem. Soc, 1984, 106, 
158-163; A. Saiga et al., Tetrahedron Lett. 2000, 41 , 4629-4632; C. Dai et al., J. 
Am. Chem. Soc. 2001, 123, 2719-2724). The Compound (19-4) is source 
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material to obtain the General Formula (I) following the Manufacturing Example 
8. 



[Key] 

1 . Catalytic asymmetric reduction 

2. p-lactamization 

3. Pd catalyst 

4. Pd catalyst or Ni catalyst 

5. (R 7 is a -OAc group or-OBn group.) 



Manufacturing Example 20 

The Compound (20-2) is made by an asymmetric reduction of the imine (20-1) 
following the Manufacturing Example 19. After making the corresponding 
carbonate by hydrolyzing the ester part of the Compound (20-2), the Compound 
(19-3) is obtained by using a condensing agent to make a (3-lactam (for example 
DCC). The Compound (19-3) may also be obtained by making a B-lactam of the 
Compound (20-2) (for example, EtMgBr). The Compound (19-3) is a source 
material to obtain the General Formula (I) following the Manufacturing Example 
19. 
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[Key] 

1 . Asymmetric reduction 

2. Hydrolysis of the ester group 

3. p-lactamization 



Manufacturing Example 21 

After allowing a base to act on the Compound (19-1), the Compound (21-2) is 
made by adding the Compound (21-1). The Compound (21-5) is made either by 
making the Compound (21-4) by asymmetric reduction of the Compound (21-2), 
or by allowing the Compound (21-3) to act on the Compound (21-2). The 
Compound (21-6) is obtained by allowing the Compound (21-3) to act on the 
Compound (21-4). Then, after making the Compound (21-8) by coupling the 
Compound (21-6) and the sugar part (12-1 [sic] or 19-5), B-lactam (21-10) is 
obtained. On the other hand, after making the Compound (21-7) by asymmetric 
reduction of the Compound (21-5), the Compound (21-9) is made by coupling 
with the sugar part. The Compound (21-10) is obtained by making a p-lactam of 
the Compound (21-9). The Compound (20-10) obtained in this way is a source 
material for the General Formula (I). 
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[Key] 

1. Base 

2. Asymmetric reduction 

3. p-lactamization 



Further, A 1t A 2 , A4, R 3 . R4. P. q. r. and Z in the chemical formulae indicated in 
Manufacturing Examples 1 to 21 are the same as previously described, and R 6 is 
either -CH=CH 2 , or -CH 2 OH. k is an integer of one or more, I is zero or an 
integer of one or more, and k+l is an integer of ten or less. 

Test example 

An example of a pharmacological test of the serum cholesterol lowering action on 
hamsters is cited below. 

Lipid-lowering action in cholesterol-feed-loaded hamsters 

Hamsters were divided into groups of three, and were given feed containing 
0.5% cholesterol (CE-2, CLEA Japan) for four days. The test compounds were 
orally administered by forced feeding once per day at the same time as 
beginning the cholesterol loading. 0.2 ml_ corn oil per 100 g body weight only 
(control group) or a solution of the test compound in corn oil was administered. 
Twenty hours after the final administration, blood was sampled from the 
abdominal aorta under mild ether anesthesia, and serum was isolated. The 
serum total cholesterol was measured using the cholesterol E-test Wako (Wako 
Pharmaceuticals). The results of the test compound are indicated by the control 
percentage (%) in relation to the increase portion of serum cholesterol 
concentration based on high cholesterol loading. Further, the pharmacological 
action of the compounds listed under light rotation in Tables 1 to 12 were 
measured as optically active substances. Those results are indicated in the 
following table. The numbers in Table 13 represent the change percentage (%) 
in relation to the control group, and therefore the negative numbers indicate 
positive cholesterol lowering action. 



55 



Table 13 



Compound No. 


Test Compound 
(mg/kg) 


No. of days of 
administration 
(davs) 


Serum cholesterol 
change 
percentage (%) 


2 


3 


7 


-120 


13 


20 


4 


-28 


15 


20 


4 


-21 


23 


3 


7 


-177 


24 


3 


7 


-156 


28 


3 


7 


-130 


33 


3 


4 


-67 


38 


10 


4 


9 


45 


3 


4 


-136 


46 


3 


4 


-147 


49 


10 


4 


-55 


56 


0.3 


4 


-84 


57 


0.3 


4 


-81 



(Biological stability tests) 



In order to confirm the stability of the C-glycosides, the method of Mark von 
Itzstei et al. (Org. Lett., 1999, 1, 443-446) was followed using a C-aryl substance 
(A) and an O-aryl substance (B) to compare the biological stability in relation to 
group glycosidase, specifically a-N-acetyl-D-galactosaminidase. 



[Key] 



1 . a-N-acetylgalactosaminidase 

2. a-N-acetylgalactosaminidase 



Enzyme: a-N-acetyl-D-galactosaminidase manufactured by Yariika 0.32 units 
(0.5 m sodium citrate buffer solution containing 1.69 unit/m 10.1% BSA) 

Solvent: citric acid buffer solution (pD=3) 0.6 ml_ 

Temperature: 35° C 

Procedures: Two milligrams of standard substance were weighed and placed in 
an NMR sampling tube, and 0.6 ml_ of sodium citrate buffer solution and 0.32 
units of enzyme were added. This was left to stand at 35° C, and the NMR was 
measured at six time intervals. 

The basic substance residual percentage (%) of the results of these tests are 
indicated in the following Table 14. 



Table 14 



Time 

Standard 
substance 


2 


4 


6 


8 


10 


12 


18 


24 


B 


89 


79 


68 


57 


50 


45 


40 


22 


A 


100 


100 


100 


100 


100 


100 


100 


100 



As is clear from this table, in contrast to the rapid hydrolysis and decomposition 
of 78% of the O-aryl substance (B) used as a comparison in 24 hours, it was 
confirmed, as predicted, that the C-aryl substance (A), which aims for metabolic 
stability and converts ether bonds to carbon-carbon bonds, was unaffected by 
the enzymes, and that no decomposition products were created at all in the 
following 24 hours. 

Embodiments 

The present invention is explained in further detail using embodiments, but the 
present invention is in no way limited by these embodiments. 

Embodiment 1 

4-(4-{[(5S, 2R, 3R, 4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)-perhydro-2H- 
pyran-2-yl]methyl}phenyl) (4S*. 3R*)-1-(4-fluorophenyl)-3-[3-(4- 
fluorophenyl)propyl]azentidine-2-on (Compound (2)) 
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Reference Example 1-a: Synthesis of Compound (1-4) 



9-BBN (50 mL, 0.5 M THF solution) was added to a THF solution (70 ml_) of the 
Compound (1-2) (5.37 g), and thermal reflux was conducted for five hours. 

The reaction solution was cooled to room temperature and K 3 P0 4 (10 mL, 3 M 
aqueous solution) was added and agitated for 15 minutes. Then a DMF solution 
(100 mL) of 4-(t-butyldimethylsilyloxymethyl)bromobenzene (3.01 g) and PdCI 2 
(dppf) (0.73 g) was added and agitated for 18 hours. The organic layer was 
rinsed with saturated saline solution, and dried with Glauber's salt. After 
removing the organic solvents, TBAF (15 mL, 1.0 M THF solution) was added 
and agitated for three hours. The organic layer was extracted using ethyl ester 
acetate, and then this was rinsed with saturated saline solution, and dried with 
Glauber's salt. After removing the organic layer, this was purified using silica gel 
column chromatography (ethyl ester acetate: hexane=1:2, and 3.58 g of the 
Compound (1-4) was obtained in two runs (yield 56%). 

Mass (ESI) m/z: 662 (M+H 2 0) + 
IR (KBr): 3430 cm' 1 

1 H-NMR (CDCI 3 ): 2.71 (dd, J= 8.8, 13.2 Hz), 3.13 (dd, J= 2.4, 14.2 Hz), 3.32 to 

3.36 (m, 2H), 3.45 to 3.50 (m, 1 H), 3.60 to 3.74 (m, 4H), 4.48 
to 4.68 (m, 6H), 4.80 to 4.95 (m, 4H), 7.18 to 7.37 (m, 24H) 

Reference Example 1-b: synthesis of the Compound (1-5) 

Mn0 2 (9.65 g) was added to a chloroform solution (22.0 mL) of the Compound 
(1-4) (3.6 g), and thermal reflux was conducted for two hours. The reaction 
solution was cooled to room temperature, and passed through a sieve using 
celite. Enrichment under reduced pressure was conducted, and 3.46 g (yield 
97%) of the Compound (1-5) was obtained as a colorless crystal. 

Mass (ESI ) m/z: 660 (M+H 2 0) + 
IR (KBr): 1692 cm' 1 

1 H-NMR (CDCI3): 2.77 (dd, J= 8.8, 14.2 Hz), 3.16 to 3.20 (m, 1H), 3.32 to 3.36 

(m, 2H), 3.49 (dt, J= 2.0, 9.3 Hz), 3.61 to 3.66 (m, 3H), 3.72 
(t, J= 8.8 Hz), 4.46 to 4.67 (m, 4H), 4.81 to 4.97 (m, 4H), 
7.18 to 7.41 (m, 22H), 7.74 (d, J=8.3 Hz), 9.95 (S, 1H) 
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Synthesis of Compound (2) 

(I) Molecular sieve (3.46 g), tosylic acid (catalytic volume), and P-fluroanaline 
(0.61 mL) were added to a toluene solution (54.0 mL) of the Compound (1-5) 
(3.46 g), and thermal reflux was conducted for 1.5 hours. The insoluble 
substance was removed by sieve, the filter solution was enriched, and the 
following reaction was used. 

(II) nBu 3 N (5.1 mL) was added to a toluene solution of the compound 
obtained in (I). 5-(4-fluorophenyl)penthane acid chloride (1.16 g) was added, and 
after conducting thermal reflux for 15 hours, 1N HCI solution (15 mL) was added 
and agitated for 15 minutes. The organic layer was rinsed with saturated sodium 
bicarbonate water and saturated saline solution, dried with Glauber's salt and the 
organic layer was enriched under reduced pressure. The residue was used in 
the following reaction. 

(III) 10% Pd-C (200 mg) was added to a mixed solution of MeOH: THF = 5 mL 
: 1 mL in the compound obtained in (II), and this was agitated for five hours at 
room temperature under hydrogen gas flow. This was filtered using celite, the 
filter solution was enriched, and 64 mg (yield 26%) of the Compound (2) was 
obtained by purifying using silica gel column chromatography (chloroform: 
methanol = 10:1). 

Mass (ESI) m/z: 554 (M+H 2 0) + 

IR (KBr): 3376, 1737, 1503, 1218 cm' 1 

1 H-NMR (CD3OD): 1 .82 to 1 .98 (m, 4H), 2.65 to 2.78 (m, 3H), 3.09 to 3.39 (m, 
7H), 3.64 (dd, J= 5.4, 12.2 Hz), 3.77 to 3.81 (m, 1 H), 4.94 to 
4.98 (m, 1H), 6.98 to 7.05 (m, 4H), 7.18 to 7.22 (m, 2H), 7.30 
to 7.33 (m, 4H), 7.38 (d, J= 7.8 Hz, 2H) 

Embodiment 2 

4-(4-{[(5S, 2R, 3R, 4R, 6R)-3,4,5-triacetoxy-6-(acetoxymethyl)-perhydro-2H- 
pyran-2-yl]methyl}phenyl) (4S*, 3R*)-1-(4-fluorophenyl)-3-[3-(4- 
fluorophenyl)propyl]azentidine-2-on (Compound (3)) 
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Et 3 N (0.77 mL), acetate anhydride (0.49 ml_), and DMAP (catalytic volume) were 
added to a methylene chloride (11.0 mL) solution of the Compound (2) (600 mg), 
and this was agitated for 16 hours at room temperature. The organic layer was 
rinsed with saturated saline solution, and dried with Glauber's salt. After removal 
of the organic solvent, 600 mg of the Compound (3) (yield 77%) was obtained by 
purifying using silica gel column chromatography (ethyl ester acetate : hexane = 
1:2). 

Mass (ESI) m/z: 722 (M+H) + 

IR (KBr): 1749, 1506, 1380, 1221, 1029 cm" 1 

1 H-NMR (CDCI 3 ): 1 .82 to 1 .84 (m, 4H), 1 .93 (S, 3H), 1 .97 (S, 1 .5H), 1 .98 (S, 

1 .5H), 1 .99 (S, 1 .5H), 2.00 (S, 1 .5H), 2.02 (S, 3H), 2.61 to 
2.64 (m, 2H), 2.79 to 2.82 (m, 2H), 3.07 to 3.08 (m, 1H), 3.56 
to 3.69 (m, 2H), 4.02 to 4.23 (m, 2H), 4.58 (d, J= 2.4 Hz), 

4.89 to 4.95 (m, 1H), 5.03 (t, J= 9.3 Hz), 5.17 (t, J= 9.3 Hz), 

6.90 to 7.007 (m, 4H), 7.08 to 7.12 (m, 2H), 7.18 to 7.24 (m, 
6H) 

Reference Example 2: Synthesis of the Compound (2-2) 
4-(2,3,4,6-tetra-o-benzyl-0-D-glucopyranosyl)benzyl alcohol (Compound (2-2)) 
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The Compound (XI) produced by allowing nBuLi (10 ml_, 1.57 M hexane solution) 
to act on p-(tert-butyldiphenylsyloxylmethyl)-bromobenzine (6.66 g) at -78° C, 
was titrated into tetrabenzylglucuronolactam (I) (7.31 g) at -78° C after agitating 
for two hours, the organic layer was extracted using ethyl ester acetate, rinsed 
with saturated saline solution, and dried with Glauber's salt. The solvent was 
removed under pressure reduction, and the residue was used in the following 
reaction. 

The compound obtained was dissolved in methylene chloride (26 ml_), Et 3 SiH 
(0.82 ml_), and BF 3 »Et 2 0 (0.33 mL) were added at -50° C, and this was agitated 
for 1 .5 hours. Saturated sodium bicarbonate water was added, and after 
agitating for one hour, the organic layer was removed with diethyl ether, rinsed 
with saturated saline solution, and dried with Glauber's salt. This was purified 
using silica gel column chromatography (ethyl acetate : hexane = 1:3), and 1 .48 
mg of the Compound (2-2) (yield 15%) was obtained. 

IR (KBr): 3388, 1452, 1362, 1210, 1068, 1026 cm" 1 

1 H-NMR (CDCI 3 ): 3.49 to 3.81 (m, 4H), 4.04 to 4.96 (m, 13H), 6.92 to 6.95 (m, 
2H), 7.09 to 7.76 (m, 2H) 

Reference Example 3-a: Synthesis of the Compound (3-a) 

4-(2,3,4,6-tetra-o-benzyl-B-D-glucopyranosyl)methoxybenzoic acid methyl ester 
(Compound (3-a)) 
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DIAD (0.3 ml_) was added to a THF (5.0 mL) solution of the Compound (3-1 ) 
(555 mg), methyl-p-hydroxybenzoate (153 mg), and PPh 3 (394 mg), and was 
agitated for 22 hours. This was enriched under pressure reduction; the residue 
was purified using silica gel column chromatography (ethyl ester acetate : 
hexane = 1:3), and 180 mg of the Compound (3-a) (yield 26%) was obtained. 

IR (neat): 1713, 1605, 1434, 1359, 1248, 1 164 cm* 1 

1 H-NMR (CDCI 3 ): 3.49 to 3.77 (m, 7H), 3.89 (s, 3H), 4.07 to 4.1 1 (m, 1H), 4.19 
to 4.22 (m, 1 H), 4.51 to 4.60 (m, 4H), 4.82 to 4.89 (m, 2H), 
4.94 (s, 2H), 6.87 (d, J= 8.8 Hz, 2H), 7.15 to 7.36 (m, 20H), 
7.96 (d, J= 8.8 Hz, 2H) 

Reference Example 3-b: synthesis of the Compound (3-b) 

4-(2,3,4,6-tetra-o-benzyl-B-D-glucopyranosyl)methoxybenzyl alcohol (Compound 
(3-b)) 



An ether (5 mL) solution of the Compound (3-a) (180 mg) was added to an ether 
(5 mL) solution of LiAIH 4 (10 mg) at 0° C. After agitating at room temperature for 
15 minutes, water (2.0 mL), and 15% sodium hydroxide aqueous solution (0.5 
mL) were added. After celite filtering, the filter solution was enriched. The 
residue was purified using silica gel column chromatography (ether ester acetate 
: hexane = 1 : 1), and 160 mg of the Compound (3-b) was obtained (yield 93%). 
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Mass (ESI) m/z: 684 (M+H+Na) + 
IR (neat): 3442 cm' 1 

1 H-NMR (CDCh): 1 .56 (s, 1 H), 3.49 to 3.53 (m, 1 H), 3.60 to 3.77 (m, 6H), 4.08 
to 4.1 2 (m, 1 H), 4.20 to 4.23 (m, 1 H), 4.52 to 4.61 (m, 6H), 
4.85 (ABq, J= 1 1 .2 Hz, 2H), 4.93 (s, 2H), 6.88 (d, J= 8.8 Hz, 
2H), 7.15 to 7.36 (m, 22H) 

Reference Example 3-c: synthesis of the Compound (1-14) 
4-(2,3,4,6-tetra-o-benzyl-p-D-glucopyranosyl)benzaldehyde (Compound (1-14)) 



(I) 0.9 g of NBS and 0.05 g of benzoylperoxide were added to 3 ml_ of a 
carbontetrachloride solution with 0.3 g of 4-(2,3,4,6-tetra-o-benzyl-P-D- 
glucopyranosyl)toluene, and thermal reflux was conducted for two hours. The 
reaction solution was cooled, 30 ml_ of diethyl ether was added, crystals were 
filtered out, and the filter solution was enriched. This was purified using silica gel 
column chromatography (ether ester acetate : hexane = 1:8). 

(II) NaHCC-3 (45 mg) was added to a DMSO (3 ml_) solution of the bromo 
substance (224 mg) obtained from (I), and this was agitated for one hour at room 
temperature, and four hours at 100° C. After extracting the reaction solution 
using ethyl ester acetate (30 ml_), and after rinsing the organic layer with 
saturated saline solution, this was dried using sodium sulfate anhydride. When 
removing the solvent, the Compound (1-14) was obtained as a brown oily 
substance at a yield of 26% (two processing runs). 

Mass (m/e): 436 (M + ), 394, 307, 273, 245, 214, 163, 135, 105, 77, 51, 

(BP) 

IR (neat): 2914, 1641, 1437, 1257, 1017, 954, 708 cm' 1 

1 H-NMR(CDCI 3 , 400 MHz) 

6: 1 .96, 1 .97, 2.06 (12H, eaeh, s), 3.75 - 5.40 (7H, m), 7.96, 

8.02 (4H, ABq),10.06(1H, s) 

Embodiment 3 
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2-(4-[4-{(5S, 2R, 3R, 4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)-perhydro-2H- 
pyran-2-yl]methyl}phenyl)(4S*, 3R*)-1 -(4-fluorophenyl)-3-[3-(4- 
fluorophenyl)propyl]-2-oxoazetidinyl)phenoxy-2-methylpropanoic acid 

(Compound (19)) 



(I) Ethyl 2-bromoisobutyrate (0.77 ml_), and potassium carbonate (0.97 g) 
were added to an acetone (22.0 ml_) solution of the Compound (4-4) (3.19 g), 
and thermal reflux was conducted for 40 hours. After cooling to room 
temperature, this was filtered, and the filter solution was enriched. The residue 
was purified using silica gel column chromatography (ethyl butyrate : hexane = 1 
:3). 

(II) The compound obtained in (I) (2.93 g) was dissolved in an ethanol - 
tetrahydrofuran mixed solution (1 : 1 , 40 ml_). 10% Pd-C (0.3 g) was added, and 
agitated for three hours at room temperature under hydrogen gas flow. After 
celite filtering and enrichment of the filter solution, this was purified using silica 
gel column chromatography (chloroform : methanol = 10:1), and the compound 
18 (1 .21 g, 51 .8% (two runs)) was obtained. 



Lithium hydroxide (50 mg) was added to a tetrahydrofuran-water mixed solution 
(5 : 1, 3 mL) of the Compound (18) (400 mg), and was agitated for eight hours at 
room temperature. After adjusting the pH to approximately 3, the organic layer 
was extracted using ethyl acetate. The organic layer was rinsed with saturated 
saline solution, and dried with Glauber's salt. The organic solvent was removed, 
and when purifying using silica gel column chromatography (chloroform : 
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methanol = 5 : 1), 377 mg of the Compound (19) (yield 51% (3 runs)) was 
obtained. 



Mass (ESI) m/z: 636 (M-H)' 

IR (KBr): 3400, 1 722, 1 503 cm- 1 

1 H-NMR (CD 3 OD): 1 .53 (s, 6H), 1 .81 to 1 .95 (m, 4H), 2.65 to 2.68 (m, 2H), 2.72 
to 2.78 (m, 1 H), 3.09 to 3.41 (m, 7H), 3.62 to 3.66 (m, 1 H), 
3.77 to 3.82 (m, 1 H), 4.81 (d, J= 2.0 Hz, 1H), 6.85 (d, J= 9.3 
Hz, 2H), 6.97 to 7.02 (m, 2H), 7.18 to 7.22 (m, 4H), 7.30 (d, 
J= 7.8 Hz, 1H), 7.38 (d, J= 8.3 Hz, 2H) 

Embodiment 4 

6-[(4-{(2S*. 3S*)-1-(4-fluorophenyl)-3-[3-(4-fluorophenyl)propyl]-4-oxoazetidine-2- 
yl}(2S, 3S, 4R, 5R, 6R)- 3,4,5-trihydroxyperhydro-2H-pyran-2-carboxilic acid 
(Compound (17)) 



Saturated sodium bicarbonate water (6.6 mL) and NaOCI (6.6 mL) were added to 
an acetone nitryl (6.6 mL) solution of the Compound (2) (300 mg), TEMPO 
(2,2,6,6-tetramethyl-1-piperidinyloxy, free radical) (10 mg), and KBr (10 mg), and 
this was agitated for three hours at room temperature. The organic layer was 
extracted using ethyl ester acetate. The organic layer was rinsed with saturated 
saline solution, and dried with Glauber's salt. After removing the organic solvent, 
this was purified using silica gel column chromatography (chloroform : methanol 
= 10: 1), and 90 mg of the Compound (17) (yield 29.4%) was obtained. 

Mass (ESI) m/z: 566 (M-H)' 

IR (KBr): 3388, 1737, 1509 cm" 1 
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1 H-NMR (CD3OD): 1 .82 to 1 .97 (m, 4H), 2.65 to 2.68 (m, 2H), 2.71 to 2.79 (m, 

1H), 3.12 to 3.24 (m, 3H), 3.34 to 3.52 (m, 3H), 3.62 to 3.68 
(m, 1H), 4.84 (d, J=2.0 Hz, 1H), 6.98 to 7.05 (m, 4H), 7.18 to 
7.21 (m, 2H), 7.29 to 7.37 (m, 6H) 

Reference Example 4-a: Synthesis of the Compound (8-2) 

D-p-benzyloxyphenylglycyl (Compound (8-2)) 



An aqueous solution of CuS0 4 »5H 2 0 (12.5 g) and 100 ml_ of water was added to 
50 ml_ of a 2N-NaOH aqueous solution with 16.7 g of D-p-hydroxyphenylglycyl 
(8-1 ) and agitated for one hour at 60° C. The reaction solution was cooled to 
room temperature and 50 mL of 2N-NaOH aqueous solution, 50 ml_ of methanol, 
and 13.0 mL of benzyl bromide were added and agitated for 20 hours at room 
temperature. After filtering the precipitate, and rinsing with water and acetone, 
300 mL of 1 N-HCI aqueous solution was added and agitated for one hour at 
room temperature. When filtering the precipitate, rinsing with water and acetone, 
and drying, 13.18 g of the Compound (8-2) (yield 51.3%) was obtained. 

Mass m/z: 212 (M-45) + , 122, 91 (base), 65 

IR (KBr): 3022, 1 587, 1 509, 1 389, 1 248, 1 008 cm" 1 

1 H-NMR (CD3OD): 5.07 (s, 1H), 5.16 (s, 2H), 7.12 (d, J=6.8 Hz, 2H), 7.34 to 
7.48 (m, 5H), 7.45 (d, J=6.8 Hz, 2H) 



Reference Example 4-b: Synthesis of the Compound (8-3) 
D-p-benzyloxyphenyl-N-(t-butoxycarbonyl)glycine (Compound (8-3)) 
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Triethylamine (16.4 mL) and (Boc) 20 (13.5 mL) were added to a THF-water 
(140 mL) suspension of 12.53 g of the Compound (8-2) while icing, and this was 
agitated for four hours at room temperature. The THF was removed under 
pressure reduction and the residue aqueous layer was adjusted to pH 4 using 
10% citrate aqueous solution. The ethyl ester acetate (100 mL x 3) was 
extracted; the extracted solution was rinsed with water (100 mL x 3) and 
saturated saline solution (100 mL x 1), and was dried using sodium sulfate 
anhydride. The solvent was removed, and 17.4 g (assayed) of the Compound 
(8-3) was obtained. 

Mass m/z: 357 (M + ), 331, 301,283, 256, 212, 148, 120, 91 (base) 

IR (KBr): 3298, 2968, 1791, 1656, 1608, 1506, 1452, 1392, 1242, 

1161cm- 1 

1 H-NMR (CDCI3): 1 .23 (s, 9H), 5.05 (bs, 3H), 6.94 (d, J=8.3 Hz, 2H), 7.32 to 
7.41 (m, 8H) 



Reference Example 4-c: Synthesis of the Compound (8-4) 

(3S)-3-[4-(benzyloxy)phenyl]-3-[(t-butoxy)carbonylamino]propionic acid benzyl 
ester (Compound (8-4)) 



Triethylamine (5.9 mL), and isobutylchlorformate (5.8 mL) were added to a THF 
(80 mL) solution of 14.4 g of the Compound (8-3) while icing, and after agitating 
for 40 minutes, CH 2 N 2 /Et 2 0 (prepared from N, N-dimethylnitrosourea (30 g), Et 2 0 
(100 mL) and 40% KOH aqueous solution (100 mL)) were added and agitated for 
1 .5 hours. After using AcOH to decompose the excess diasomethane, and after 
dissolving everything by adding ether (100 mL) and water (100 mL), this was 
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separated at the ether layer, rinsed with saturated sodium bicarbonate water 
(100 mL x 2) and saturated saline (100 mi x 1), and dried using sodium sulfate 
anhydride. After the solvent was removed, and the residue was dissolved in 
THF: water (80 mL : 15 mL) solution, a solution of 8.3 mL of triethylamine with 
0.93 g of silver benzoate was added and agitated for two hours at room 
temperature. The reaction solution was diluted with ether (100 mL), rinsed with 
10% HCI aqueous solution (50 mL x 2), water (100 mL x 4) and saturated saline 
solution (50 mL x 1), and dried using sodium sulfate anhydride. After removing 
the solvents and dissolving the residue with acetonytryl (80 mL), 7.0 mL of DBU, 
and 5.7 mL of benzyl bromide were added and agitated for four hours at room 
temperature. The reaction solution was diluted with ethyl ester acetate (100 mL), 
rinsed with 10% citrate aqueous solution (50 mL x 2), saturated sodium 
bicarbonate water (100 mL x 1) and saturated saline solution (100 mL x 1), and 
dried using sodium sulfate anhydride. The solvents were removed, and when 
purifying the residue using silica gel column chromatography (ethyl ester acetate 
: n-hexane = 1:2), 10.35 g of the Compound (8-4) (yield 55.7%) was obtained. 

Mass m/z: 461 (M + ), 404, 360, 314, 270, 212, 180, 121, 91, 57(base) 

IR (KBr): 3394, 2956, 1731, 1689, 1500, 1290, 1224, 1149 cm 1 

1 H-NMR (CDCI3): 1 .51 (s, 9H), 2.89 to 3.12 (m, 2H), 5.10 (s, 4H), 5.09 to 5.13 

(m, 1H), 6.99 (d. J=8.8 Hz, 2H), 7.30 to 7.54 (m, 12H) 



Reference Example 4-d: Synthesis of the Compound (8-5) 

(3S)-3-amino-3-[4-(benzyloxy)phenyl]propionic acid benzyl ester hydrochloride 
(Compound (8-5)) 



Ten milliliters of a 17% ethanol chloride solution was added to an ethyl ester 
acetate (30 mL) solution of the Compound (8-4) (3.00 g) and agitated for three 
hours. The reaction solution was removed, (ethyl ester acetate : N-hexane = 1 : 
4) was added to the residue, and when filtering and drying after crystallization, 
2.46 g of the Compound (8-5) (yield 95.2%) was obtained. 

Mass m/z: 361 (M-36.5) + , 344, 270, 147, 121, 91 (base), 65 

IR (KBr): 3016,2908, 1725, 1581, 1512, 1299, 1245, 1185 cm- 1 
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1 H-NMR (CDCb): 3.05 (dd, J=6.4 Hz, 18.3 Hz, 1H), 3.27 (dd, J=6.4 Hz, 16.8 
Hz, 1 H), 4.64 to 4.65 (m, 1 H), 4.94 to 5.03 (m, 4H), 6.89 (d, 
J=8.7 Hz, 2H), 7.15 to 7.41 (m, 12H), 8.77 to 8.78 (m, 3H) 



Reference Example 4-e: synthesis of the Compound (8-6) 
(4S)-4 -[4-(benzyloxy)phenyl]azetidine-2-on (Compound (8-6)) 



Water (1 5 ml_) was added to an ethyl ester acetate suspension solution of the 
Compound (8-5) (6.48 g), and made into an alkali using 1M-K 2 C0 3 aqueous 
solution. Extracting with ethyl ester acetate (30 mL x 2), the extraction solution 
was rinsed with saturated saline solution (50 mL x 1), and dried with sodium 
sulfate anhydride. The solvents were removed; the residue was dissolved in 60 
mL of benzene. 3.6 mL of triethylamine and 2.7 mL of trimethylsilylchloride were 
added and agitated for 14 hours at room temperature. After celite filtering of the 
reaction solution and removal of the filter solution, the residue was dissolved in 
65 mL of ether, 10.7 mL of 2M-t-butyl magnesium chloride - ether was added 
while icing and was agitated for 18 hours at room temperature. The reaction 
solution was iced, saturated ammonium chloride aqueous solution (50 mL), ethyl 
ester acetate (50 mL), and 10% HCI aqueous solution (50 mL) were added and 
agitated for one hour at room temperature. The organic layer was separated, 
and the water layer was further extracted using ethyl ester acetate (50 mL x 1 ). 
The combined organic layer was rinsed with water (50 mL x 1 ), saturated sodium 
bicarbonate water (50 mL x 1) and saturated saline solution (50 mL x 1), and was 
dried using sodium sulfate anhydride. The solvents were removed; the residue 
was purified using silica gel column chromatography (chloroform : acetone = 10 : 
1), and after rinsing the crystals obtained using ethyl ester acetate : hexane, 2.50 
g of the Compound (8-6) (yield 60.7%) was obtained when drying. 

Mass m/z: 253 (M + ), 1 62, 9 1 (base), 65 

IR(KBr): 3184, 1749, 1698, 1540, 1410, 1248, 1100 cm" 1 

1 H-NMR (CDCb): 2.84 to 2.88 (ddd, J=1.0 Hz, 2.4 Hz, 15.1 Hz, 1H), 3.39 to 
3.44 (ddd, J=2.4 Hz, 5.4 Hz, 14.8 Hz, 1H), 4.68 (dd, J=4.9 
Hz, 14.9 Hz, 1H), 5.08 (s, 2H), 6.09 (bs, 1H), 6.97 (dd, J=2.9 
Hz, 7.8 Hz, 2H), 7.28 to 7.44 (m, 7H) 
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Reference Example 4-f: synthesis of the Compound (8-26) 

(4S)-4 -[4-(benzyloxy)phenyl] -1-(4-fluorophenyl)azetidine-2-on (Compound (8- 
26)) 



Triethylamine (0.8 ml_), 4-fluorophenylboronic acid (1.1 1 g), and 0.75 g of copper 
(II) acetate were added to a methylene chloride (10 ml_) solution of the 
Compound (8-6) (1 .00 g), and reflux was conducted for 48 hours. The reaction 
solution was cooled to room temperature, and the methylene chloride was 
removed. The residue was dissolved in ethyl ester acetate (50 mL), and water 
(50 mL), and the ethyl ester acetate layer was separated. The water layer was 
further extracted using ethyl ester acetate (50 mL x 3), the combined ethyl ester 
acetate layers were rinsed with water (50 mL x 1), 10% HCI aqueous solution (50 
mL), saturated sodium bicarbonate water (50 mL x 1 ), and saturated saline 
solution (50 mL x1), and was dried with sodium sulfate anhydride. The solvents 
were removed, and after purifying the residue using silica gel column 
chromatography (benzene : ether = 12:1) and rinsing the residue obtained with 
ethyl ester acetate : hexane, 1 .06 g of the Compound (8-26) (yield 77.3%) was 
obtained upon drying. 

Mass m/z: 347 (M + ), 256, 210, 137, 91 (base), 65 

IR(KBr): 1731, 1620, 1506, 1380, 1242 cm" 1 

1 H-NMR (CDCI 3 ): 2.93 (dd, J=3.0 Hz, 15.2 Hz, 1H), 3.52 (dd, J=5.4 Hz, 15.2 

Hz, 1H), 4.93 (dd, J=2.4 Hz, 5.4 Hz, 1H), 5.05 (s, 2H), 6.90 

to 6.99 (m, 4H), 7.24 to 7.43 (m, 9H) 

Reference Example 4-g: Synthesis of the Compound (8-27) 
(4S)-1-(4-fluorophenyl)-4-(hydroxyphenyl) azetidine-2-on (Compound (8-27)) 
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0.20 g of 5% palladium-carbon was added to an ethyl ester acetate-methanol (50 
mL) solution of the Compound (8-26) (2.00 g), and was agitated for nine hours at 
room temperature in an H 2 gas atmosphere. After the reaction solution was 
celite filtered and the filter solution removed, the residue was purified using silica 
gel column chromatography (chloroform : acetone = 10:1) and 
1 .36 g of the Compound (8-27) (yield 91 .9%) was obtained. 

Mass m/z: 257 (M + ), 214, 210 (base), 91, 58 

IR (KBr): 3106, 1707, 1620, 1503, 1453, 1383, 1257, 1218 cm" 1 

1 H-NMR (CDCI 3 ): 2.93 (dd, J=2.4 Hz, 15.7 Hz, 1H), 3.52 (dd, J=5.9 Hz, 15.2 
Hz, 1 H), 4.94 (dd, J=2.9 Hz, 5.4 Hz, 1 H), 5.22 (s, 1 H), 6.85 
(d, J=8.3 Hz, 2 H), 6.93 (s, J=8.8 Hz, 2 H), 7.23 to 7.27 (m, 
4H) 

Reference Example 4-h: Synthesis of the Compound (8-28) 

4-[(2S)-1-(4-fluorophenyl)-4- oxoazetidine-2-yl]phenyltrifluoromethane sulfonate 
(Compound (8-28)) ~ 



0.12 mL of pyridine, and 0.26 mL of trifluoromethane sulfonate anhydride were 
added to a suspension of the Compound (8-27) (0.35 g) in 10 mL of methylene 
chloride while icing, and the reaction solution was agitated for one hour. The 
reaction solution was poured into ice water (20 mL), and extraction was 
conducted with ethyl ester acetate (30 mL x 2). The extraction solution was 
rinsed with 10% HCI aqueous solution (20 mL x 1), saturated sodium bicarbonate 
water (40 mL x 1) and saturated saline solution (30 mL x 1), and was dried using 
sodium sulfate anhydride. The solvents were removed, and when purifying the 



71 



residue using silica gel column chromatography (ethyl ester acetate : n-hexane = 
1:3), 0.84 g of the targeted compound (Compound (8-28)) (yield 90.7%) was 
obtained. 

Mass m/z: 389 (M + ), 347, 252, 214, 186, 137, 119 (base), 69 

IR(KBr): 1734. 1509, 1416, 1383, 1248, 1212, 1131,900 cm 1 

1 H-NMR (CDCI 3 ): 2.94 (dd, J=2.5 Hz, 15.2 Hz, 1H), 3.16 (dd, J=5.9 Hz, 15.2 

Hz, 1 H), 5.04 (dd, J=2.5 Hz, 5.4 Hz, 1 H), 6.98 (t, J=8.8 Hz, 
2H), 7.21 to 7.25 (m, 2H), 7.31 (dd, J=2.0 Hz, 6.8 Hz, 2H), 
7.45 (dd, J=2.2 Hz, 6.8 Hz, 2H) 

Reference Example 4-i: Synthesis of the Compound (8-29) 

(4S)-4-[4-({2S, 5S, 3R, 4R, 6R}-6-[(benzyloxy)methyl]-3,4,5- 
tribenzyloxy)perhydro-2H-pyran-2-yl}methyl)phenyl]-1-(4-fluorophenyl)azetidine- 

2-on (Compound (8-29)) 



0.5 M-9-BBN/THF (3 ml_) solution was added to 4.1 mLof a THF solution with the 
Compound (8-28) (0.32 g), and reflux was conducted for six hours. The reaction 
solution was cooled to room temperature, 3M-K 3 P0 4 aqueous solution (0.6 ml_), 
4.7 mL of THF, 0.22 g of the compound obtained in Reference Example 4-h, and 
0.042 of PdCI 2 (dppf) were added, and the reaction solution was agitated for 16 
hours at 50° C. Water (30 mL) and ethyl ester acetate (30 mL) were added to 
the reaction solution; celite filtering was conducted; and the filter solution was 
extracted using ethyl ester acetate (30 mL x 2). The extraction solution was 
rinsed with water (30 mL x 2), an saturated saline solution (30 mL x 1 ), and was 
dried using sodium sulfate anhydride. The solvents were removed, and when 
purifying using silica gel column chromatography (ethyl ester acetate : n-hexane 
= 1:4), 0.209 g of the Compound (8-29) (yield 45.4%) was obtained. 

Mass (ESI) m/z: 800 (M+Na(23)) + 

IR (KBr): 2896, 1746, 1509, 1377, 1095, 1068, 750 cm 1 

1 H-NMR (CDCI 3 ): 2.69 to 2.75 (dd, J=7.8 Hz, 14.2 Hz, 1 H), 2.89 (dd, J=2.5 Hz, 

15.1 Hz, 1H), 3.12 (dd, J=1.5 Hz, 14.2 Hz, 1H), 3.30 to 3.37 
(m, 2H), 3.46 to 3.53 (m, 2H), 3.59 to 3.74 (m, 8H), 4.45 to 
4.64 (m, 4H), 4.81 to 4.94 (m, 5H), 6.90 (t, J=8.8 Hz, 2H), 
7.19 to 7.35 (m, 26H) 
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Reference Example 4-j: Synthesis of the Compound (8-30) 

3-{(4S, 3R)-4-[4-({2S, 5S, 3R, 4R, 6R}-6-[(benzyloxymethyl)-3,4,5- 
tribenzyloxy)perhydro-2H-pyran-2-yl]methyl)phenyl]-1-(4-fluorophenyl) 
oxyazetidine-3-yl}propionic acid methyl ester (Compound (8-30)) 



2M-LDA/heptane-THF (1 .3 mL) was diluted with 3 mL of THF, and a THF (1 .5 
mL) solution with 1 .00 g of the Compound (8-29) was added at -78° C and 
agitated for one hour. THF (2 mL) solution with 0.132 g of methyl acrylate was 
then added, and agitated for 0.5 hours. Saturated ammonium chloride water (30 
mL) was added, and the reaction solution was returned to room temperature. 
Extraction was conducted with ethyl ester acetate (60 mL x 2). After rinsing the 
extraction solution with saturated saline solution (50 mL x 1) and drying using 
sodium sulfate anhydride, the solvents were removed. When purifying the 
residue using silica gel column chromatography (ethyl ester acetate : n-hexane = 
1:4), 0.793 g of the Compound (8-30) (yield 71.8%) was obtained. 

Mass (ESI) m/z: 864(M+1) + 

IR(KBr): 2854, 1740, 1509, 1452, 1362, 1215, 1140, 1098 cm- 1 

1 H-NMR (CDCI 3 ): 2.19 to 2.23 (m, 2H), 2.47 to 2.59 (m, 2H), 2.72 (dd, J=8.8 
Hz, 14.6 Hz, 1 H), 3.04 to 3.1 3 (m, 2H), 3.30 to 3.37 (m, 2H), 
3.42 to 3.48 (m, 1H), 3.64 (s, 3H), 3.61 to 3.74 (m, 4H), 4.47 
to 4.63 (m, 5H), 4.81 to 4.94 (m, 4H), 6.90 (t, J=8.8 Hz, 2H), 
7.15 to 7.35 (m,26H) 

Reference Example 4-k: Synthesis of the Compound (8-31 ) 

(4S, 3R)-4-[4-({(2S, 5S, 3R, 4R, 6R}-6-[(benzyloxy)methyl]-3,4,5- 
tribenzyloxy)perhydro-2H-pyran-2-yl]methyl)phenyl]-1-(4-fluorophenyl)-3-[3-(4- 

fluorophenyl)-3-oxopropyl] azetidine-2-on (Compound (8-31)) 
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Five milliliters of water and LiOH-H 2 0 (0.084 g) were added to a THF-MeOH (20 
ml_) solution with 1.75 g of the Compound (8-30), and the reaction solution was 
agitated for four hours at room temperature. The acidity was adjusted with 10% 
HCI aqueous solution, and the adjusted solution was dried using ethyl ester 
acetate (30 ml_ x 3). The solvents were removed, the residue was purified using 
short pass silica gel column chromatography (ethyl ester acetate : n-hexane = 
1:1), and the polarized substance was removed. The residue obtained was used 
as is for the following reactions. 

A methylene chloride solution (0.84 mL) of 2M-oxolyl chloride was added to a 
methylene chloride (8.4 mL) solution of the residue, and after agitating for 16 
hours at room temperature, the solvents were removed and a crude acid chloride 
was obtained. 

A piece of iodine was added to a THF (1 mL) suspension of magnesium (0.084 
g), and [the concentration of iodine dissolved in the suspension of magnesium] 
was adjusted by a slight amount of reflux. A THF (8 mL) solution of 4- 
bromofluorobenzene (0.47 g) was added, and reflux was conducted for 30 
minutes. A THF solution of a previously prepared Grignard reagent was added 
while icing to a THF (8 mL) suspension of 0.368 g of zinc chloride, which had 
been dried for two hours at an external temperature of 100° C under reduced 
pressure, and the reaction solution was agitated for one hour at room 
temperature. Then, after adding Pd(Ph 3 P) 4 (0.068 g) at 10° C and agitating for 
five minutes, a THF (7 mL) solution of the acid chloride was added, and the 
reaction solution was agitated for one hour at room temperature. 10% HCI 
aqueous solution (20 mL) was added to the reaction solution. Extraction was 
conducted with ethyl ester acetate (50 mL x 2), the extraction solution was rinsed 
with water (50 mL x 2) and saturated saline solution (50 mL x 1 ), and was dried 
using sodium sulfate anhydride. The solvents were removed, and when purifying 
the residue using silica gel column chromatography (ethyl ester acetate : n- 
hexane = 1:5), 0.910 g of the Compound (8-31) (yield 73.7%) was obtained. 

Mass (ESI) m/z: 551 (M+Na(23)+1) + 

IR(KBr): 2920, 1746, 1690, 1610, 1310, 1280, 1240, 1100 cm" 1 
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1 H-NMR (CDCI3): 2.23 to 2.42 (m, 2H), 2.72 (dd, J+8.8 Hz, 14.7 Hz, 1 H), 3.09 
to 3.74 (m, 1 1H), 4.46 to 4.63 (m, 4H), 4.66 (d, J=2.5 Hz, 
1 H), 4.81 to 4.94 (m, 4H), 6.91 (J=8.8 Hz, 2H), 7.1 1 (t, J=8.3 
Hz, 2H), 7.33 to 7.89 (m, 26H), 7.96 to 8.00 (m, 2H) 

Embodiment 5 

(4S, 3R)-4-(4-{[(2S, 5S, 3R, 4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl) 
perhydro-2H-pyran-2-yl}methyi}phenyl]-1-(4-fluorophenyl)-3-[3-(4-fluorophenyl)- 

3-oxopropyl]azetidine-2-on (Compound (26)) 



1M-BBr3/methylene chloride solution (1.8 mL) was added to a methylene chloride 
(5.4 mL) solution with the Compound (8-31) (0.27 g) at -78° C, and the reaction 
solution was agitated for one hour. The reaction solution was poured into ice 
water (30 mL), and extraction was conducted using chloroform (30 mL x 3). The 
extraction solution was rinsed using water (50 mL x 1), saturated sodium 
bicarbonate water (50 mL x 1 ), and saturated saline solution (50 mL x 1 ), and 
was dried using sodium sulfate anhydride. The solvents were removed, and 
when purifying the residue using silica gel column chromatography (chloroform : 
methanol = 8:1 ), 0.147 g of the Compound (8-26) (yield 89.1%) was obtained. 

Mass (ESI) m/z: 568(M+1) + 

IR (KBr): 3400, 2902, 1 737, 1 680, 1 596, 1 506, 1 386, 1 224, 1 1 52, 

1134,1086 cm' 1 

1 H-NMR (CD3OD): 2.28 to 2.34 (m, 2H), 2.74 (dd, J=8.3 Hz, 14.6 Hz, 1H), 3.09 
to 3.39 (m, 10H), 3.64 (dd, J=5.3 Hz, 1 1 .7 Hz, 1 H), 3.78 (dd, 
J=2.4 Hz, 11.7 Hz, 1H), 4.95 (d, J=2.4 Hz, 1H), 7.01 to 7.05 
(m, 2H), 7.22 to 7.26 (m, 2H), 7.27 to 7.38 (m, 6H), 8.06 to 
8.10 (m, 2H) 

Embodiment 6 

3-[3(S)-3-(4-fluorophenyl)-3-hydroxypropyl-(4S, 3R)-4-(4-{[(2S, 5S, 3R, 4R, 6R)- 
3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2-pyran-2-yl]methyl}phenyl)-1-(4- 

fluorophenyl)azetidine-2-on (Compound (22)) 
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After dissolving the Compound (8-32) (0.061 g) in methylene chloride (0.6 ml_) at 
-20° C, a methylene chloride (2.8 mL) solution of the Compound (26) (0.1 15 g) 
was added, and the reaction solution was agitated for two hours. Then, 2 mL of 
ethanol was added, and the solution was agitated for one hour at room 
temperature. Ethyl ester acetate (30 mL) and 10% HCI aqueous solution (30 mL) 
were added, and extraction was conducted using ethyl ester acetate (30 mL x 3). 
The extraction solution was rinsed using water (30 mL x 3) and saturated saline 
solution (50 mL x 1) and was dried using sodium sulfate anhydride. The solvents 
were removed, and when purifying the residue using silica gel column 
chromatography (chloroform : methanol = 10:1), 0.089 g of the Compound 22 
(yield 77.1%) was obtained. 

Mass (ESI) m/z: 570(M+1) + 

IR (KBr): 3370, 2902, 1725, 1506, 1389, 1218, 1083, 1011 cm' 1 

1 H-NMR (CD 3 OD): 1 .88 to 1 .99 (m, 4H), 2.76 (dd, J=8.3 Hz, 14.2 Hz, 1 H), 3.09 
to 3.40 (m, 7H), 3.64 (dd, J=5.4 Hz, 1 1 .5 Hz, 1 H), 3.79 (dd, 
J=2.0 Hz, 11.7 Hz, 1H), 4.65 (dt, J=4.8 Hz, 6.4 Hz, 1H), 4.85 
(d, J=2.0 Hz, 1H), 7.00 to 7.09 (m, 4H), 7.29 to 7.40 (m, 8H) 

Embodiment 7 

Synthesis of the Compound (8-33) 

(4S, 3R)-4-[4-{(2S, 5S, 3R, 4R, 6R)-6-[(benzyloxy)methyl]-3,4,5- 
trihydroxy)perhydro-2H-pyran-2-yl]methyl}phenyl)-1-(4-fluorophenyl)-3-[(2E)3-(4- 

fluorophenyl)-3-propenyl]azetidine-2-on (Compound (8-33)) 
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2M-LDA/heptane-THF (0.6 ml_) was diluted with THF (1 .5 ml_), added to 3 mL of 
a THF solution with 0.336 g of the Compound (8-29) at -78° C, and agitated for 
30 minutes. Then, 1 .8 mL of DMPU (1 ,3-dimethyl-3,4,5,6-tetrahydro-2(1 H)- 
pyrimidinone) was added and agitated a further 30 minutes. After adding 1 .5 mL 
of THF solution with 0.111 g of 4-fluorocinnamylbromide to the reaction solution 
and agitating for 30 minutes, saturated ammonium chloride solution (30 mL) was 
added, and the reaction solution was returned to room temperature. Extraction 
was conducted using ethyl ester acetate (50 mL x 2). The extraction solution 
was rinsed using water (50 mL x 3) and saturated saline solution (50 mL x 1 ) and 
was dried using sodium sulfate anhydride. The solvents were removed, and 
when purifying the residue using silica gel column chromatography (ethyl ester 
acetate : n-hexane = 1:5), 0.253 g of the Compound (8-33) (yield 64.4%) was 
obtained. 

Mass (ESI) m/z: 934 (M+Na(23)) + 

IR (KBr): 2890, 1746, 1509, 1383, 1359, 1224, 1137, 1098 cm" 1 

1 H-NMR(CDCI 3 ): 2.63 to 2.88 (m, 3H), 3.12 (dd, J=1.9 Hz, 14.7 Hz, 1H), 3.20 
to 3.38 (m, 4H), 3.47 to 3.48 (m, 1 H), 3.59 to 3.74 (m, 5H), 
4.45 to 4.63 (m, 4H), 4.65 (d, J=2.4 Hz, 1H), 4.81 to 4.94 (m, 
4H), 6.12 (dt, J=6.8 Hz, 14.6 Hz, 1H), 6.45 (d, J=14.7 Hz, 
1H), 6.90 (t, J=8.8 Hz, 2H), 6.95 (t, J=8.7 Hz, 2H), 7.14 to 
7.35 (m, 28H) 

Embodiment 8 

Synthesis of Compound (25) 

4-(4-{[(5S, 2R, 3R, 4R, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)perhydro-2H- 
pyran-2-yl]methyl}phenyl)-(4S, 3R)-1-(4-fluorophenyl)-3-[3-(4- 
fluorophenyl)propyl]azetidine-2-on (Compound (25)) 
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0.1 15 g of 5% palladium-carbon was a methanol-THF (10 ml_) solution with the 
Compound (8-33) (0.23 g), and agitated for five hours at room temperature in a 
hydrogen gas atmosphere. After celite filtering of the reaction solution and 
removal of the solvents, the residue was purified using silica gel column 
chromatography (chloroform : methanol = 9:1), and when using ether/hexane to 
crystallize the oily substance obtained, 0.1 13 g of the Compound 25 (yield 
81.1%) was obtained. 

Mass (ESI) m/z: 554(M+1) + 

IR (KBr): 3394, 2908, 1 737,' 1 506, 1 386, 1 21 8, 1 089 cm" 1 

1 H-NMR (CD 3 OD): 1 .88 to 1 .95 (m, 4H), 2.66 (t, J=7.3 Hz, 2H), 2.75 (dd, J=8.3 

Hz, 14.2 Hz, 1 H), 3.09 to 3.40 (m,7H), 3.64 (dd, J=5.8 Hz, 
1 1 .7 Hz, 1 H), 3.78 (dd, J=2.5 Hz, 1 1 .7 Hz, 1 H), 4.91 (d, 
J=2.0 Hz, 1 H), 6.97 to 7.04 (m, 4H), 7.18 to 7.33 (m, 6H), 
7.38 (d, J=8.3 Hz, 2H) 

Reference Example 5-a: Method of synthesizing the Compound (1 1-3) 

5-(4-aza-10,10-dimethyl-3-dioxo-3-thiatricyclo[5,2,1 ,01 , 5]decan-4-yl)-5- 
oxopentane methyl ester acid (Compound (1 1-3)) 



After sodium hydroxide (0.182 g) was added to a toluene (14 ml_) solution with 
(R)-(+)2,10-camphor sultam (0.89 g) while icing and then agitating for 20 minutes 
at room temperature, methyl-5-chloro-5-oxo-valerate (0.816 g) was added and 
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agitated for one hour at room temperature. The reaction solution was poured 
into saturated ammonium chloride water (40 ml_), and extraction was conducted 
using ethyl ester acetate (50 ml_ x 2). The extraction solution was rinsed using 
saturated saline solution (50 mL x 1), and this was dried using sodium sulfate 
anhydride. The solvents were removed and when purifying the residue using 
silica gel column chromatography (chloroform : acetone = 40:1 ) and (ethyl ester 
acetate : n-hexane = 1:2), 1.30 g of the Compound 11-3 (yield 91.8%) was 
obtained. 

Mass m/z: 343 (M + ), 312, 279, 129 (base), 101 

IR (KBr): 2944, 1720, 1689, 1440, 1413, 1389, 1335, 1215, 1050 cm' 1 

1 H-NMR (CD 3 OD): 0.97 (s, 3H), 1.16 (s, 3H), 1.35 to 1.41 (m, 2H), 1.87 to 2.12 
(m, 7H), 2.39 (t, J=8.3 Hz, 2H), 2.78 (t, J=7.4 Hz, 2H), 3.46 
(q, J=4.4 Hz, 2H), 3.67 (m, 3H), 3.85 to 3.88 (m, 1 H) 

Reference Example 5-b: Method of synthesizing the Compound (11-10) 

(4R)-4-{(1 S) (4-bromophenyl[(4-fluorophenyl)amino]methyl)-5- (4-aza-1 0, 1 0- 
dimethyl-3-dioxo-3-thiatricyclo[5,2,1,01, 5]decan-4-yl)-5-oxopentane methyl ester 
acid (Compound (11-10)) 



Ti(OiPr) 4 (0.2 mL) was added to a methylene chloride (10 mL) solution of TiCI 4 
(0.23 mL) while icing, and was agitated for 15 minutes. A methylene chloride 
(3.5 mL) solution with 0.65 g of the Compound (11-3) was added and agitated for 
five minutes. Then, after agitating diisopropylethylamine (0.72 mL) for one hour, 
this was cooled to -20° C, a methylene chloride (3.5 mL) solution with 1 .1 5 g of 
(1z)-aza-2-(4-bromophenyl)-1-(4-fluorophenyl) ether was added and agitated for 
three hours. Acetate-methylene chloride (1 mL + 5 mL) was added to the 
reaction solution, and returned to room temperature. A 10% hydrochloric acid 
aqueous solution (30 mL) was added, and extraction was conducted using ethyl 
ester acetate (50 mL x 2). The extraction solution was rinsed using water (50 mL 
x 1 ), saturated sodium bicarbonate water (50 mL x 1 ) and saturated saline 
solution (50 mL x 1), and was dried using sodium sulfate anhydride. The 
solvents were removed, and when purifying the residue using silica gel column 
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chromatography (chloroform : acetone = 50:1 1 ) and (ethyl ester acetate : n- 
hexane = 1:2), 0.708 g of the Compound (11-10) (yield 61.1%) was obtained. 



Mass m/z: 622 (M+2) + , 620 (M + ), 343, 278, 200, 1 35, 95 

IR (KBr): 3376, 2944, 1734, 1683, 1509, 1437, 1269, 1131, 1059, 

1008 cm- 1 

1 H-NMR (CDCI 3 ): 0.95 (s, 3H), 0.95 (s, 3H), 1 .24 to 1 .39 (m, 2H), 1 .60 to 2.04 
(m, 5H), 2.28 to 2.33 (m, 2H), 3.45 to 3.57 (m, 3H), 3.62 (s, 
3H), 3.79 to 3.91 (m, 1H), 4.56 (t, J=9.3 Hz, 1H), 4.95 (d, 
J=10.2 Hz, 1H), 6.34 to 6.38 (m, 2H), 6.71 to 6.76 (m, 2H), 
7.17 (d, J=8.3 Hz, 2H), 7.41 (d, J=8.3 Hz, 2H) 

Reference Example 5-c: Method of synthesizing the Compound (11-11) 

3-[(4S, 3R)-4-(4-bromophenyl)-1-(4-fluorophenyl)-2-oxoazetidine-3-yl]propionic 
acid methyl ester (Compound (11-11 )) 



0.41 mL of N, 0-bis(trimethyl)silylacetamide (BSA) was added to a toluene (10 
mL) solution with 0.52 g of the compound (11-10) at 50° C and agitated for 30 
minutes. 1M-tetra-n-butylammoniumfluoride/tetrahydrofuran (0.84 mL) was 
added and agitated for three hours at 50° C. After cooling the reaction solution to 
room temperature, adding methanol (1 mL) and agitating for five minutes, 10% 
hydrochloric acid aqueous solution (15 mL) was added, and extraction was 
conducted using ethyl ester acetate (50 mL x 2). The extraction solution was 
rinsed with water (50 mL x 1), saturated sodium bicarbonate water ((50 mL x 1) 
and saturated saline solution (50 mL x 1), and dried using sodium sulfate 
anhydride. The solvents were removed, and when purifying the residue using 
silica gel column chromatography (ethyl ester acetate : n-hexane = 1 :3), 0.227 g 
of the Compound (11-11) (yield 66.7%) was obtained. 

Mass m/z: 407 (M+2) + , 405 (M + ), 270, 208, 169, 129 (base), 95 

IR (KBr): 2938, 1758, 1503, 1440, 1371, 1233, 1101 cm- 1 

1 H-NMR (CDCb): 2.21 to 2.56 (m, 2H), 2.49 to 2.61 (m, 2H), 3.08 to 3.12 (m, 

1 H), 3.67 (s, 3H), 4.66 (d, J=2.5 Hz, 1 H), 6.92 to 6.97 (m, 
2H), 7.18 to 7.22 (m, 4H), 7.51 (dd, J=1.9 Hz, 6.3 hz, 2H) 
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Reference Example 6: Synthesis of the Compound (12-4) 

3-{[(4S, 3R)-4-[4-(3-{(2S, 5S, 3R, 4R, 6R)-6-(benzyloximethyl)-3,4,5- 
(tribenzyloxy)perhydro-2H-pyran-2-yl}-1-propene)phenyl]-1-(4-fluorophenyl) 
oxoazetidine-3-yl]propionic acid methyl ester (Compound (12-4)) 



575 mg of the Compound (1 1-1 1 ) and 1 . 2 g of 3-(2,3,4,6-tetra-o-benzyl-p-D- 
glucopyranosyl)-1-propene was dissolved in trimethyl amine (5 ml_), tri-o- 
trylphosphine (43 mg) and palladium acetate (16 mg) were added in an Ar 
atmosphere, and agitated for 13 hours at 100° C. After returning to room 
temperature and filtering out the insolubles, the filter solution was diluted with 
ethyl ester acetate (50 ml), rinsed with 10% hydrochloric acid and saturated 
saline solution, and dried using sodium sulfate anhydride. The solvents were 
removed, and when purifying the residue using silica gel column chromatography 
(ethyl ester acetate : n-hexane = 1:4), 1.1 g of the Compound (12-4) (yield 
87.0%) was obtained. 

Mass (ESI) m/z: 890(M+1) + 

IR (neat): 3016, 2896, 1741, 1503, 1371, 1215, 1092, 831, 747 cm' 1 

1 H-NMR (CDCI 3 ): 2.23 (q, J=7.8 Hz, 2H), 2.44 to 2.60 (m, 4H), 3.11 (m, 1 H), 
3.33 to 3.44 (m, 3H), 3.58 to 3.75 (m, 4H), 3.66 (s, 3H), 4.54 
to 4.94 (m, 9H), 6.38 (m, 2H), 6.91 to 7.32 (m, 28H) 

The compound obtained is a synthesis intermediate for obtaining the General 
Formula (I) following Reference Examples 4-(l), (j), (k) and Embodiments 5, 6, 7, 
and 8. 

Reference Example 7: Synthesis of the Compound (50) 

(4S, 3R)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-{[(2S, 5S, 3R, 4R, 6R)- 
3,4,5- trihydroxy-6-(hydroxymethyl)perhydro-2H-pyran-2-yl]methoxypropyl-3- 
yl}phenyl-1-(4-fluorophenyl)azetidine-2-on (Compound (50)) 
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A DMF (3 mL) solution with 62 mg of 2,3,4,6-o-tetrabenzyl-1-deoxy-(3-D- 
glucopyranosyl methanol was added while icing to a DMF (1 mL) suspension 
with 4.5 mg of sodium hydride, and was agitated for 20 minutes. A DMF (3 mL) 
solution with 57 mg of (4S, 3R)- 4-[4-(3-bromopropyl)phenyl]-3-[(3S)-(4- 
fluorophenyl)-3-hydroxypropyl]-2-azetidine-2-on, was added and was agitated for 
two hours at room temperature. The reaction solution was poured into ice water 
(20 mL), and extraction was conducted using ethyl ester acetate (30 mL x 2). 
The extraction solution was rinsed using water (30 mL x 2) and saturated saline 
solution (40 mL x 1), and was dried using magnesium sulfate anhydride. The 
solvents were removed, the residue was made into a THF (5 mL)-MeOH (5 mL) 
solution, 50 mg of 5% palladium-carbon was added and agitated for nine hours at 
room temperature in an H 2 gas atmosphere. After filtering the reaction solution 
and removing the filter solution, the residue was purified using silica gel column 
chromatography (chloroform : methanol = 10:1), and 43 mg of the Compound 
(50) (yield 61 .2%) was obtained. 

Mass (ESI) m/z: 628(M+1) + 

IR (KBr): 3388, 2902, 1734, 1509, 1389, 1218, 1080 

1 H-NMR (CD 3 OD): 1.87 to 1.97 (m, 6H), 2.73 (t, J=7.4 Hz, 2H), 3.10 to 3.15 (m, 

1H), 3.12 to 3.39 (m, 5H), 3.52 to 3.57 (m, 2H), 3.53 to 3.69 
(m, 2H), 3.78 (dd, J=2.0 Hz, 10.7 Hz, 1H), 3.87 (dd, J=1.0 
Hz, 10.5 Hz, 1H), 4.64 (bt, 1H), 4.85 (d, J=2.5 Hz, 1H), 7.00 
to 7.09 (m, 4H), 7.27 to 7.37 (m, 6H) 

Embodiment 9 

(4S)-4-(4-{[2S, 5S, 3R, 4R, 6R]-6-(benzyloxy)methyl-3,4,5-tribenzyloxy}perhydro- 
2H-pyran-2-yl)ethyl-phenyl)-1-phenyl-azetidine-2-on (Compound (19-9) 
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Reference Example 8-a: Synthesis of the Compound (1 9-6) 
(3R)-3-(4-bromophenyl)-3-hydroxy-N-phenylpropane amide (Compound (19-6)) 



RuCI2 [(S)-BINAP] (dichloro[S]-(-) 2,2'bis-(diphenylphosphino)-1 ,1-binaphthyl) 
ruthenium (II) catalyst (12 mg) was added to an ethanol-methylene fluoride 
solution (3:1 , 4 ml_) of 3-(4-bromophenyl)-3-oxo-N-phenylpropane amide (950 
mg), and was agitated for six hours while allowing a catalytic asymmetric hydride 
reaction to occur at 100° C, 5 At (under a hydrogen gas flow). After cooling the 
reaction solution to room temperature, when enriching, filtering out deposited 
crystals and drying, 725 mg of the Compound (19-6) (yield 76%, asymmetric 
yield 99% e.e.) was obtained. 

m.p. = 210 to 212° C 

[a] D : +33.0(C=1.0,THF) 
Mass (m/z): 319(M + ), 183, 157, 135, 93(BP)65 

IR(KBr): 3316, 1614, 1599, 1530, 1443, 1368, 1065, 693 cm' 1 

1 H-NMR(DMSO): 2.69 (dd, J=4.4 Hz, 14.2 Hz, 1 H), 2.77 (dd, J=8.8 Hz, 14.2 

Hz, 1H), 5.16 (n, 1H), 5.69 (d, J=4.4 Hz, 1H), 7.14 (t, J=7.3 
Hz, 1H), 7.40 (d, J=7.8 Hz, 2H), 7.46 (d, J=8.3 Hz, 2H), 7.64 
(d, 8.3 Hz, 2H), 7.69 (d, J=7.8 Hz, 2H) 
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Reference Example 8-b: Synthesis of the Compound (19-7) 
(4S)-4-(4-bromophenyl)-1-phenyl-azetidine-2-on (Compound (19-7)) 



A THF solution (3 ml_) of DIAD (diisopropylazodicarboxylate) (0.67 ml_) and of 
PPh3 (479 mg) were titrated into a THF solution (7 mL) with the Compound (19- 
6) (500 mg) at -78° C. After slowly raising the temperature of the reaction 
solution up to room temperature, agitation was continued another four hours. 
The reaction solution was enriched, and when purifying using silica gel column 
chromatography (hexane : ethyl ester acetate = 5:1 -» 2:1), 260 mg of the 
Compound (19-7) (yield 55.2%) was obtained. 

m.p. = 113 to 115° C 



[o] D : -146.0 (C=1.0,CHCI 3 ) 

Mass (m/z): 301 (M + ), 260, 184, 103, 77 (BP) 

IR(KBr): 1728, 1599, 1485, 1377, 1149, 828, 750 cm" 1 

1 H-NMR(CDCI 3 ): 2.91 (dd, J=2.9 Hz, 1 5.1 Hz, 1 H), 3.56 (dd, J=5.4 Hz, 1 5.1 

Hz, 1 H), 4.98 (dd, J=2.4 Hz,5.9 Hz, 1 H), 7.04 to 7.52 (m,9H) 

Synthesis of Compound (19-9) 
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Compound (19-8) (1 .0 g) was added to a THF-HMPA solution (3:1 , 4 mL) with 
Zn(Cu) (106 mg), and thermal reflux was conducted for three hours. After adding 
palladium acetate (1.7 mg), and 2-(di-tert-butylphophino)biphenyl (4.4 mg) to the 
reaction solution at 0° C and agitating for five minutes, the Compound (19-7) 
(223 mg) was added. After cooling the reaction solution to room temperature, 
10% hydrochloric acid aqueous solution (50 mL) and ethyl ester acetate (30 mL), 
the insolubles were filtered. The filter solution was extracted was using ethyl 
ester acetate (50 mL x 2), rinsed with saturated saline solution (50 mL), and dried 
using sodium sulfate anhydride. The solvents were removed, and when purifying 
using silica gel column chromatography (ethyl ester acetate : hexane = 1 :4), 480 
mg of the Compound (19-9) was obtained as a colorless crystal (yield 84.3%). 



m.p. = 95 to 97° C 

[cc] D : -61.2(C=1.0,CHCI 3 ) 
ESI-MS(m/z): 796 (M+Na) + , 774 (M+1) + 

IR(KBr)- 2854, 1749, 1599, 1497, 1452, 1371, 1212, 1068 cm' 1 

1 H-NMR(CDCI 3 ): 1.71 to 1.75 (m, 1H), 2.04-2.10 (m, 1H), 2.63 to 2.74 (m, 

1 H), 2.81 to 2.87 (m, 1 H), 2.94 (dd, J=2.4 Hz, 1 5.1 Hz, 1 H), 
3.18 to 3.22 (m, 1H),3.29(t, J=13.1 Hz, 1H), 3.36 to 3.40 
(m, 1H), 3.53 (dd, J=5.9 Hz, 15.1 Hz, 1H), 3.59 to 3.75 (m, 
4H), 4.55 to 4.66 (m, 4H), 4.80 to 4.88 (m, 4H), 4.96 to 4.98 
(m, 1H), 7.02 (t, J=6.8 Hz, 1H), 7.14 to 7.37 (m, 28H) 

Possibility of industrial utilization 

New B-lactam compounds of the present invention having C-saponins in the 
molecule, which are stable in relation to metabolism based on glucocidase, and 
hydrolosis by bases or acids, have a strong serum cholesterol-lowering action, 
and are useful as serum cholesterol-lowering agents. 
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Claims 



1 . A compound or a pharmaceutical^ permissible salt thereof indicated by 
the General Formula (I) 



[In the formula, Ai, A 3 , and A4 are groups indicated by hydrogen atoms, halogen, 
C1 to C 5 alkyl groups, C1 to C 5 alkoxy groups, -COOR1, groups indicated by the 
following formula (b): 



(In the formula, R1 is a hydrogen atom, C1 to C 5 alkyl groups.), or 
groups indicated by the following formula (a): 



[In the formula, R 2 is a -CH 2 OH group, a -CH 2 OC(0)-Ri group, or a -CO2-R1 
group; R 3 is a -OH group or -OC(0)-Ri group; R4 is a -(CH 2 ) k R 5 (CH 2 ) r (Here, k 
and I are 0 or integers of 1 or more, and k+l is an integer of 10 or less.); and R5 
expresses a bond, which is a single bond (-), -CH=CH-, -OCH 2 -, a carbonyl 
group, or -CH(OH)-.] Any one of A1, A 3 , and A4 must always be a group 
indicated by the aforementioned formula (a). 
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A 2 is a Ci to C 5 alkyl chain, a Ci to C 5 alkoxy chain, a Ci to C 5 alkenyl chain, a d 
to C 5 hydroxyalkyl chain, or a Ci to C 5 carbonylalkyl chain. 

n, p, q, and r represent integers of 0, 1 , or 2.]. 

2. A manufacturing method of a compound or a pharmaceutical^ permissible 
salt thereof indicated by the General Formula (I), wherein 

a compound indicated by the General Formula (II) 



(In the formula, Ai, A 2 , R3 and p are the same as described above, X is a free 
group such as halogen, or an optically active sultam derivative.), and 

a compound indicated by the General Formula (III) 



(In the formula, A 3 , A4, R 3 , n, q and r are the same as described above.) 

are allowed to undergo a Staudinger reaction or a Mannich reaction. 

3. A manufacturing method of a compound or a pharmaceutically permissible 
salt thereof indicated by the General Formula (I), wherein 

a compound indicated by the General Formula (IV) 
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(In the formula, n, q, r, A 3> A4, and R 3 are the same as described above.), and 
a compound indicated by the General Formula (V) 



(In the formula, A,, A 2 , p, X and R 3 are the same as described above.) 
are allowed to react in the presence of a base. 

4. A manufacturing method of a compound or a pharmaceutically permissible 
salt thereof indicated by the General Formula (I), wherein a cyclization reaction is 
conducted with a compound indicated by the General Formula (VI) 
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(In the formula, n, p, q, r, A 1t A 2 , A 3 , A4, and R 3 are the same as described 
above.) 

5. A manufacturing method of a compound or a pharmaceutical^ permissible 
salt thereof indicated by the General Formula (VII) 



(In the formula, Ai, A 2 , A4, R 3 . n, p, q, and r, are the same as described above. 
R 7 is a single bond (-), 1CH=HC-, or-OCH 2 . k is an integer of 1 or more; I is 0 or 
an integer of 1 or more; and k+l is an integer of 10 or less.), 

wherein a coupling reaction is allowed between a compound indicated by the 
General Formula (VIII) 



(In the formula, Ai, A 2 , A4, R 3 , n, p, q, and r are the same as described above. Z 
expresses a free group such as a halogen atom or a triflate group, and k is 0 or 
an integer of 1 to 10.) and 

a compound indicated by the General Formula (IX) 
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(In the formula, R 2 and R 3 , are the same as described above, and R 6 expresses 
a halogen atom, -CH=CH 2 , or-CH20H.). 

6. A serum cholesterol-lowering agent containing a compound or a 
pharmaceutical^ permissible salt thereof indicated by the General Formula (I). 

7. A serum cholesterol-lowering agent based on concomitant use of a 
compound indicated by the General Formula (I) and a p-lactamase inhibiter. 
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Corrected Claims 

[Accepted on July 15, 2002 (15.07.02) by the International Office: Claim 1 of the 
present application was corrected. The other claims were not changed. (2 
pages)] 

1 . A compound or a pharmaceutical^ permissible salt thereof indicated by 
the General Formula (I) 



[In the formula, A 1t A 3 , and A4 are groups indicated by hydrogen atoms, halogen, 
C1 to C 5 alkyl groups, C1 to C 5 alkoxy groups, -COOR1, groups indicated by the 
following formula (b): 



Substitute paper (Provision 26) 91 



(In the formula, Ri is a hydrogen atom, Ci to C 5 alkyl groups.), or 
groups indicated by the following formula (a): 



[In the formula, R 2 is a -CH 2 OH group, a -CH 2 OC(0)-Ri group, or a -CO2-R1 
group. R 3 is a -OH group or -0C(O)-Ri group. R4 is a -(CH 2 ) k R 5 (CH 2 ) r group 
(Here, k and I are 0 or integers of 1 or more, and k+l is an integer of 10 or less.). 
Moreover, R 5 expresses a bond, which is a single bond (-), -CH=CH-, -OCH 2 -, a 
carbonyl group, or -CH(OH)-), and R4 is a carbon atom to carbon atom bond and 
is bonded to a tetrahydropyran ring. Any one of A,, A 3 , and A4 must always be a 
group indicated by the aforementioned formula (a). 

A 2 is a C1 to C 5 alkyl chain, a d to C 5 alkoxy chain, a C1 to C 5 alkenyl chain, a C1 
to C 5 hydroxyalkyl chain, or a C1 to C 5 carbonylalkyl chain. 

n, p, q, and r represent integers of 0, 1 , or 2.]. 

2. A manufacturing method of a compound or a pharmaceutical^ permissible 
salt thereof indicated by the General Formula (I), wherein 

a compound indicated by the General Formula (II) 



Substitute paper (Provision 26) 
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(In the formula, Ai, A 2 , and R 3 are the same as described above, X is a free 
group such as halogen, or an optically active sultam derivative.), and 

a compound indicated by the General Formula (III) 



(In the formula, A 3 , A4, R3, n, q and r are the same as described above.) 
are allowed to undergo a Staudinger reaction or a Mannich reaction. 
3. General Formula (IV) 



Substitute paper (Provision 26) 



Explanation based on Article 19 



1 . By correcting Claim 1 , it was clarified that the R4 group is bonded by a 
carbon atom to carbon atom bond to a tetrahydropyran ring. Specifically, it was 
clarified that the compound of Claim 1 is a C-glycoside (C-saponin). 

2. The difference between the compound of Claim 1 of the present 
application and the compound described in Claim 1 of Cited Literature 
W097/16455 will be explained. 

(1 ) In the compound of Claim 1 of the present application, the R4 group is 
bonded by a carbon atom to carbon atom bond to a tetrahydropyran ring. 
Specifically, the R4 group is a C-glycoside (C-saponin) of a p-lactam compound. 

On the other hand, the compound described in Claim 1 of Cited Literature 
W097/16455 is as follows: 



Here, G is as follows: 



In the compound described in Claim 1 of Cited Literature W097/16455, if G is 
one of the groups (b), (c), or (e), G is bonded by a oxygen to carbon bond (-0-G). 
Specifically, this is an O-glycoside (O-saponin) of a p-lactam compound. 

The two differ on this point. 

(2) Moreover, in the compound of Claim 1 of the present application, when k 
and I of R4 are 0 and R 5 is -OCH 2 -, the carbon atoms on both sides of the 
oxygen atom that forms the tetrahydropyran ring are both bonded to the oxygen 
atom through carbon atoms. Specifically, this is a C-glycoside (C-saponin) of a 
p-lactam compound. On the other hand, when G described in Claim 1 of Cited 
Literature W097/16455 is a compound of group (d), one of the carbon atoms on 
both sides of the oxygen atom that forms the tetrahydropyran ring is bonded to 
an oxygen atom. Specifically, this is an O-glycoside (O-saponin) of a p-lactam 
compound. The compound of Claim 1 of the present application differs from the 
compound in which G is group (d) as described in Claim 1 of Cited Literature 
W097/16455. (Refer to the following diagram.) 
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The compound in the Cited Literature when G is group (d) 

The compound of the invention of the present invention 

3. The difference in the actions and effects of the various compounds 
described above will be explained. 

(1 ) An O-glycoside of a p-lactam compound has a carbon atom to oxygen 
atom bond in which the one of the carbon atoms on both sides of the oxygen 
atom that forms the tetrahydropyran ring is directly bonded to the oxygen atom, 
and the glycosidase and the base, etc. are easily subjected to hydrolysis. 

In contrast, in a C-glycoside of a p-lactam compound, the carbon atoms on both 
sides of the oxygen atom that forms the tetrahydropyran ring are both directly 
bonded to carbon atoms, and there is no carbon atom to oxygen atom bond. As 
a result, a C-glycoside of a p-lactam compound is stable in relation to 
glycosidase and bases, etc. 

The difference in action and effect between the two compounds described above 
is explained by citing experimental data in the section "Biological stability tests" 
on page 59 of the specification of the present application. 

(2) Conventional p-lactam compounds having a cholesterol absorption 
inhibition effect are absorbed in the body, and indicate a stronger activity by 
being converted by the body into O-glycosides with stronger action and are then 
excreted again into the small intestines. 

However, as previously described, because the O-glycosides of the p-lactam 
compounds are easily hydrolyzed by glycosidase and bases, the aforementioned 
O-glycosides of p-lactam compounds with stronger action are expected to have a 
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weaker pharmacological effect and a shorter duration because the O-glycosides, 
which are the active members of the compound, are easily hydrolyzed by the 
glycosidase and bases, etc. present in the small intestines, specifically, by 
metabolism within the body. 

On the other hand, the C-glycosides of the of the p-lactam compounds of Claim 1 
of the present application are stable in relation to glycosidase and bases, and 
therefore can be expected to resolve the problems of weak pharmaceutical 
action of short duration that p-lactam compounds with O-glycosides have. 

(3) As described above, the C-glycosides of the of the p-lactam compounds of 
Claim 1 of the present application can be expected to have superior biological 
stability and a greater pharmaceutical effect than the O-glycosides of the p- 
lactam compounds described in Claim 1 of Cited Literature W097/1 6455. 

4. Moreover, Claims 2 to 5 of the present application indicate methods of 
synthesizing the p-lactam compounds of Claim 1 of the present application using 
C-glycosides as the base substance. The cited literature does not describe 
methods of synthesis using C-glycoside as the base substance, nor is this even 
implied. 



(End) 



